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@ Fluorine-containing compounds. 

© A fluorine-containing compound represented by the general formula [I]: 



COOH 



[I] 



wherein Rf is a fluoroalkyi ether end group having 5 to 50 carbon atoms, Ri is an aliphatic alkyl end groi^p 
aliphatic alkenyl end group, R2 is an aliphatic alkylene group or an aliphatic polyalkylene oxide group 
no or one or more carbon atoms, each of Ra and R4 is an aliphatic alkylene group having no or one 
carbon atoms, X is a connecting group selected from the group consisting of 
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-COGRs-and -C0N(R6)- 

(wherein R5 is an aliphatic alkylene group having no or one or more carbon atoms, and Re is a hyd 
or an aliphatic alkyl group having 1 to 12 carbon atoms), each of W and Y Is connecting group selected 
group consisting of 

-8- . -COO- and -SCH2CH(R7)COO- 
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(wherein R? is a hydrogen atom or a methyl group), Z Is a connecting group selected from the group consisting 
of 



^N- and 
I I 




and each of l, m and n is zero or 1. There are disclosed a fluorine-containing compound of a specific structure 
which has In the molecule a fluoroalkyi ether end group, an aliphatic hydrocarbon end group and a carboxyl end . 
group, and has a nnolecular weight of hundreds to about 3,000; and a process for producing the fluorine- 
containing compound. This fluoi-ine-containing compound can be utilized in magnetic recording media in the 
form of a lubricant composition. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a novel fluorine-containing compound useful as a lubricant for precision 
machines and precision parts which require high-precision lubrication, or as a surfactant, a mold 
agent, a rust preventive, etc.; a process for producing the fluorine-containing compound; a lubricant 
composition comprising the fluorine-containing compound; and a magnetic recording medium suci 
magnetic tape, a magnetic dis, etc.. the lubricant layer of which comprises the fluorine-con|taining 
compound. Description of the Prior Art 

With miniaturization and an Increase In precision of machines and parts thereof, the mode of 
in their sliding portions has conne to be changed from hydrodynamic lubrication to boundary 
Particularly in electronic machines and electronic parts, for example, VTR and magnetic discs 
precision lubrication has become necessary for sliding a magnetic tape or a magnetic disc on a magnetic 
head, because of employment of thin ferromagnetic metal films for improving the packing densi 
example, in metallized tapes and hard discs, a lubricant layer on the surface of a magnetic layer is 
to a thickness of only several tens angstromes to increase the output by reducing the loss due 
spacing between a magnetic recording medium and a magnetic head as much as possible while 
the durability and the practical reliability. Therefore, it is an important problem to develop an 
compound having an excellent lubricating capability, as a material for forming the lubricant layer. 

As lubricants for thin-meta!~film type magnetic recording medium, those having a fluorocarbon 
the molecule are excellent in compatibility with thin metal films, and hence there have been prj^posed 
various fluorocarbon-based lubricants (for instance, Japanese Patent Application Kokai Nos. 61-1 
107528, 61-107529. 62-92225, 62-92226 3nd 62-92227). In addition, compounds comprising a perfli 
polyether chain have been proposed as lubricants for magnetic recording medium (for instance, U.S 
3,778,308 and Japanese Patent Application Kokai No. 60-109028). 

On the other hand, fluorine-containing compounds having the molecular structure shown 
been proposed as surfactants: 
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wherein. Re is a hydrogen atom or an aliphatic alkyi group having 1 to 12 carbon atoms, Rs is an 
alkylene group having 1, 2 or 5 carbon atoms, and h Is zero or an integer of 1 to 8 (U.S. Patent 3,79ft, 

The following is an important requirement which a lubricant for thin-metal-fiinn type magnetic 
medium should satisfy. The lubricant should adhere strongly to the surface of the thin metal filnr 
protective film of the medium and the surface of a magnetic head to form a coating layer on each 
surfaces, and groups of molecules of the lubricant should easily be sheared from one another 
contact point of the coating layers, namely, on the surface on which the magnetic recording 
the magnetic head slide. 

PerfluoroalkyI polyethers heretofore well-known as lubricants for magnetic recording medium 
in the ease of shearing between groups of molecules because substantially the whole surface 
molecule is covered with fluorine atoms. But since the polarity of the molecules is low. the 
lubricants have a low adhesive strength to the surface of a thin metal film or a protective film 
surface of a magnetic head. For removing this defect, there have been proposed perfluoroalkyl 
having various polar groups introduced into the ends of the molecule. But when their molecular 
3,000 or more, no sufficient effect of the introduction of the polar groups can be obtained. On 
hand, when the molecular weight is reduced for enhancing the effect of the polar groups, the " 
between molecules of the perfluoroalkyl polyether is weak, so that the amount of such a 
decreased by its evaporation. Thus, the perfluoroalkyl polyethers and the terminally modified 
thereof are poor in adhesive properties to the surface of a thin metal film or a protective film 
surface of a magnetic head, and in stability. Consequently, thin-metal-film type magnetic recording 
obtained by using these compounds as lubricants have been poor in reliability on durability, in 
performance characteristics in low-humidity circumstances in which the aggregation of a magnetic 
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tends to occur on the surface of a nnagnetic head. 

On the other hand, the fluorocarbon-based lubricants disclosed In the above prior art references have 
heretofore been used in thin-metal-fiinn type nnagnetic recording media because of their excellent compati- 
bility with thin nnetal films, but have been disadvantageous in that they cannot give a sufficient durability in 

5 a low-humidity circumstance of 10% RH or less. 

Conventional processes for producing a fluorine-containing compound are described below. 
A process for producing a fluorine-containing alkylsuccinic acid derivative has been proposed in 
Japanese Patent Application Kokal No. 61-257226. Specifically, in this process, the fluorine-containing alkyl- 
succinic acid derivative is obtained by subjecting a mixture of equimolar amounts of a higher alcohol having 

10 a perfluoroalkyi group and alkylsuccinic anhydride to reaction with heating at 60' to ISO'C In the 
atmosphere. This process is effective against perfluoroalkyi group, but has been disadvantageous In that 
when an alcohol having a fluoroalkyi ether group is used in place of the higher alcohol having a 
perfluoroalkyi group, the yield of the fluorine-containing alkylsuccinic acid derivative is as very low as 10% 
or less because the reactivity of the former alcohol is considerably lower than that of the latter alcohol. 

75 Furthermore, this process has been disadvantageous also in that since the position of attachment of the 
fluoroalkyi. ether end group to an aliphatic-alkylcarboxyljc acid is limited to the carbon atom at the a or 0 
position adjacent to the carboxyt group, there cannot be obtained a fluorine-containing compound in which 
the fluoroalkyi ether end group is attached to any of various positions from a position to w position. 

A process for producing a nitrogen-containing perfluoro(carboxylic acid fluoride) has been proposed in 

20 Japanese Patent Application Kokai No. 64-70450. Specifically, in this process, a perfluoro(3-dialkylamino-n- 
butyric fluoride) is obtained by electrolyzing a reactive derivative of 3-dialkylamino-n-butyric acid in liquid 
hydrogen fluoride. This process has been disadvantageous not only in that both of the two aliphatic 
hydrocarbon end groups in the molecule of the product are perfluoroalkyi groups, but also in that it is 
difficult to utilize an aliphatic long-chain alkyi group or an aliphatic polyalkyl oxide group. 

25 A process for producing a phthalic acid diester having a perfluorobutenyloxy group has been proposed 
In Japanese Patent Application Kokal No. 61-24547. Specifically, in this Invention, the phthalic acid diester 
having a perfluorobutenyloxy group is obtained by adding 2 to 20 moles of an aliphatic alcohol having an 
alkyI group having 1 to 15 carbon atoms and 0.01 to 1 mole of concentrated sulfuric acid per mole of a 
phthalic anhydride derivative having a perfluorobutenyloxy group, and carrying out the reaction with 

30 refluxing the alcohol or dt 100* to 150* C for 30 minutes to 24 hours. This process has been disadvanta- 
geous not only in that both reactive groups of the acid anhydride becomes ester linkage groups, but also in 
that a fluoroalkyi ether group cannot be utilized because a fluoroalkyi group as the end group is limited to 
perfluorobutenyloxy group. 

A process for producing a perfluoroalkyl-substltuted half ester or a perfluoroalkyl-substituted half amide 

35 has been proposed in Japanese Patent Application Kokai No. 54-84524. Specifically, in this process, the 
perfluoroalkyl-substituted half ester or half amide is obtained by reacting maleic anhydride with a hydroxy- 
substituted or amino-substituted nonionic compound (e.g. an aliphatic alkyI alcohol or an aliphatic alkyI 
amine) at room temperature or at 50* to 100'C to obtain a maleic acid half ester or a maleic acid half 
amide, and then adding a perfluoroalkylalkylene thiol to the thus obtained half ester or half amide at 30 to 

40 75* C in the presence of a base catalyst. The perfluoroalkyl-substituted half ester or half amide can be 
obtained also by reversing the order of the above reactions. These processes have been disadvantageous 
in that the product obtained by them is a mixture of compounds having a thioether linkage group to the 
carbon atom at the a or j8, respectively, position adjacent to the carboxyl group, so that there cannot be 
obtained a single fluorine-containinig compound having a thioether linkage group only to the carbon atom at 

45 the a position. 

SUMMARY OF THE INVENTION - 

An object of the present invention is to provide a novel fluorine-containing compound which imparts a 
60 high reliability on durability to thin-metal-film type magnetic recording media in all circumstances including 
low-humidity circumstances; a lubricant composition comprising the fluorine-containing compound; and a 
magnetic recording medium such as a magnetic tape, a magnetic disc, etc.. the lubricant layer of which 
comprises the fluorine-containing compound. 

In order to achieve this object, the present inventors conducted various researches in consideration of 
65 the problems in the prior art and consequently have found that a fluorine-containing compound having in the 
molecule a fluoroalkyi ether end group, an aliphatic hydrocarbon end group and a specific polar end group 
is most suitable as a lubricant for thin-metal-film type magnetic recording medium. The present invention 
was made on the basis of such finding and a novel production process. 

4 



BNSDOCID: <EP ^047387 1A2_I_> 



EP 0 473 871 A2 



The present invention relates to fluorine-containing compounds represented by the general formula [I]: 



COOH 



[I] 



group 
group 
no or 



10 wherein Rf is a fluoroalkyl ether end group having 5 to 50 carbon atonns, Ri is an aliphatic alkyi end 
or an aliphatic alkenyl end group, R2 is an aliphatic alkylene group or an aliphatic polyalkylene oxide 
which have no or one or nnore carbon atoms, each of R3 and R^ is an aliphatic alkylene group having 
one or more carbon atoms, X is a connecting group selected from the group consisting of 

15 -COORb- and -C0N(R6)- 

(wherein R5 is an aliphatic alkylene group having no or one or more carbon atonns, and Re is a hydrogen 
atom or an aliphatic alky! group having 1 to 12 carbon atoms), each of W and Y Is a connecting 
selected from the group consisting of 



20 



25 



-S- , -COO- and -SCH2GH(R7)COO- 

(wherein R7 is a hydrogen atom or a methyl group), Z is a connecting group selected from the 
consisting of 



-CH-, -N- and— 



30 



and each of I , m and n is zero or 1 . 

More specifically, the present Invention relates to fluorine-containing compounds represented |by the 
35 following general formulas [II], [III], and[VII] to [X]: 



40 



^CH(CH2)i_nC00H 



[11] 



45 



group 
group. 



wherein Rr is a fluoroalkyl ether end group having 5 to 50 carbon atoms, Ri is an aliphatic alkyI end 
or an aliphatic alkenyl end group. R'2 is an aliphatic alkylene group or an aliphatic polyalkylene oxide 
X is a connecting group selected from the group consisting of 

50 -COOR5- and -CON(Rg)- 

(wherein R5 is an aliphatic alkylene group having no or one or more carbon atoms, and Rg Is a hydrogen 
atom or an aliphatic alkyI group having 1 to 12 carbon atoms), and each of m and n is zero or 1; 

55 



group 



group 
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«1 



^CH-R^~COOH [III] 



wherein Rf is a fluoroalkyi ether end group having 5 to 50 carbon atoms, Ri is an aliphatic alkyi end group 
10 or an aliphatic alkenyl end group, each of R"2 and R^ is an aliphatic alkylene group having no or one or 
more carbon atoms, X* is a connecting group selected from the group consisting of . 

-COOR*5- and -.C0N(R6)- 

75 (wherein R's is an aliphatic alkylene group, and Re is a hydrogen atom or an aliphatic alkyI group having 1 
to 12 carbon atoms), and m is zero or 1; 



20 



J^N-R^-COOH [VII] 



25 Wherein Rf Is a fluoroalkyi ether end group having 5 to 50 carbon atoms. Ri is an aliphatic alkyI end group 
or an aliphatic alkenyl end group, R"'2 is an aliphatic alkylene group, and R4 is an aliphatic alkylene group 
having no or one or more carbon atoms; 

Rt-OCO 

30 1 

^Z'-COOH [VIII] 

Rf-^X->^R^ -oco 

35 



wherein Rj is a fluoroalkyi ether end group having 5 to 50 carbon atoms, Ri is an aliphatic alkyI end group 
or an aliphatic alkenyl end group, R 2 is an aliphatic alkylene group or an aliphatic polyalkylene oxide group, 
X is a connecting group selected from the group consisting of 

40 

-COOR5- and -CON(R6)- 

(wherein R5 Is an aliphatic alkylene group having no or one or more carbon atoms, and Re is a hydrogen 
atom or an aliphatic alky! group having 1 to 12 carbon atoms), 2' is a connecting group represented by the 
46 formula: 



50 




and m is zero or 1 ; 

55 
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J>CH<CH2)i^n^OOH 
R^--f-X^R'2-0C0(CH2)^ 



[IX] 



^0 wherein Rf is a fluoroalkyi ether end group having 5 to 50 carbon atoms, RN is an aliphatic alkyi end 
R'2 is an aliphatic alkylene group or an aliphatic polyalkylene oxide group, X is a connecting group - 
fronn the group consisting of . 



group, 
selected 



76 



-COOR5-and-CON(R5)- 

(wherein Rs is an aliphatic alkylene group having no or one or more carbon atonns. and Re is a hycfrogen 
atom or an aliphatic alky! group having 1 to 12 carbon atoms), and each of m and n Is zero or 1; 



20 



V > 

-OCOCHCH^-S 



CHCOOH 



[X] 



25 



group, 
atom or a 



wherein Rf is a floroalkyl ether end group having 5 to 50 carbon atoms, RN is an aliphatic alkyI end 
R*2 is an aliphatic alkylene group or an aliphatic polyalkylene oxide group, R? is a hydrogen 
methyl group, X Is a connecting group selected from the group consisting of 

30 -COOR5- and -CON(R6)- 

(wherein R5 is an aliphatic alkylene group having no or one or more carbon atoms, and Re is a hydrogen 
atom or an aliphatic alky I group having 1 to 12 carbon atoms), and m is zero or 1. 



35 DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The end groups of the fluorine-containing compounds of the present invention include, for 
groups described below. 

The aliphatic hydrocarbon end groups, i.e., the aliphatic alkyI end group and the aliphatic 
40 group, include, for example, 



46 



so 



^i"2i-l' 



Ci«2ii-l-S=«-*^k«2k- 



55 



S"2j + 1 



wherein each of i and j is an integer of 6 or more, and k is zero or an integer of 1 or more. The nurjnber of 
carbon atoms of each of these end groups is suitably 6 to 30 (preferably 10 to 26). When it is 5 or |ess, or 
31 or more, the lubricating properties are deteriorated. 
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The fluoroalkyi ether end group includes 



10 



CFgO-f- C^F^O-^h^ CF^O CF^- 



CF3 CF3 



15 



F -ir CFCF2O CF- 



20 



CF3O CFjCFO )p ( CFjO CFj- 



CF^ 
I ^ 

CCIF^O --e CF^CFO )p ( CF^O CFj - 



25 



wherein p is an integer of 1 to 15, and q is an integer of 1 to 45. The nunnber of carbon atoms of each of 
these end groups is suitably 50 or less (preferably 40 or less). When It Is 51 or more, the effect of the polar 
end group is lessened. 

30 Processes for producing the fluorine-containing compounds of the present Invention are exptained 
below. 

A fluorine-containing compound of the general formula [II] can be produced In high yield by subjecting 
a mixture of equlmolar amounts of an aliphatic-alkylsucclnic anhydride or an aliphatic-alkenylsuccinic 
anhydride and an alcohol having an fluoroalkyi ether group to addition reaction with heating at 100° to 

35 150**C, at a pressure of 3 kg/cm^ or more in an autoclave. As to this addition reaction, a conventional 
method in which the reaction is carried out at atmospheric pressure gives a very low yiield. In the present 
invention, a high yield can be obtained by finding out a method in which as described above, the reaction is 
carried put under pressure. In this case, a pressure of at least 3 kg/cm^ is required. 

A fluorine-containing compound of the general formula [111] can be obtained by adding a carboxylic acid 

40 halide having a fluoroalkyi ether group to a mixed solution of an aliphatic-alkyi oxy-acid or an aliphatic- 
alkenyl oxy-acid and a base such as triethylamine or pyridine (as a solvent, the base itself or an aprotic 
anhydrous solvent such as anhydrous benzene or anhydrous ether is suitable) slowly with Ice-cooling so as 
to make the amount of the acid halide equimolar with that of the oxy-acid, subjecting the reactive group of 
the acid halide and the hydroxyl group of the oxy-acid to esterification, and capturing and removing 

45 secondarily produced hydrochloric acid by means of the base. 

As to a method for attaching a fluoroalkyi ether group to the hydroxyl group of an oxy-acId, when 
esterification is carried out by the use of a carboxylic acid having a fluoroalkyi ether group and a 
conventional acid catalyst at a high temperature, the carboxyl group of the oxy-acid inhibits this reaction, so 
that the fluoroalkyi group cannot be attached to the hydroxyl group of the oxy-acid. Thus, the present 

50 inventors have found that this esterification can be allowed to proceed only by a method in which a 
carboxylic acid halide having a fluoroalkyi group is used and the reaction is carried out at a low 
temperature. This finding enabled the production of the fluorine-containing compound of the present 
invention. 

A fluorine-containing compound of the general formula [VII] can be produced by adding an aqueous 
56 solution of an weak alkali such as sodium carbonate or potassium carbonate to a mixed solution of 
equimolar amounts of a secondary alkylamine having a fluoroalkyi ether group and a <o-haloalkylcarboxyliG 
acid ester (as a solvent, a hydrophilic solvent such as acetone or methyl ethyl ketorie is suitable), refluxing 
the resulting mixture with heating to induce dehalogenatlon and nitrogen-carbon bonding reaction, and then 
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subjecting the ester linkage group to hydrolysis with a strong alkali to make one of the end groups 
carboxyl group. In the dehalogenation, a carboxyl group inhibits the attack of the o^-haloalkyl group 
the Imino group because of its high affinity for the Imino group. Thus, the present inventors have 
since the presence of a carboxyl group Inhibits the dehalogenation, the nitrogen-carbon bonding 
can be allowed to proceed by masking the carboxyl group, for example, by subjecting the carboxyl 
esterification. This finding also enabled the production of the fluorine-containing compound of the 
invention. 

A fluorine-containing compound of the general formula [VIII] can be produced by adding an 
having a fluoroalkyi ether group to a mixed solution of trimellltic anhydride chloride and a base 
triethylamine or pyridine (as a solvent, the base itself or an aprotic anhydrous solvent such as 
benzene or anhydrous ether is suitable) slowly with ice-cooling so as to make the amount of the 
equlmolar with that of trimellitic anhydride chloride, capturing and removing secondarily 
drochloric acid by means of the base to obtain a trimellltic anhydride fluoroalkyi ether ester, adding 
ester an alcohol having an aliphatic hydrocarbon group in an amount equimolar with the amount of 
and an aprotic anhydrous solvent such as anhydrous benzene or anhydrous n-heptane 
resulting mixture with heating at 70' to 140"C to subject the reactive group of the acid anhydride 
addition reaction with the alcohol having an aliphatic hydrocarbon group. The esterification of the 
anhydride chloride is carried out by subjecting the reactive group of acid anhydride to a secon(^ 
reaction after subjecting the reactive group of acid chloride to a first-stage reaction. By these 
different alcohol moieties can be introduced into the same molecule through ester linkages 
of the carbonyl groups, i.e., the reactive groups of acid anhydride becomes carboxyl end group. Th 
present inventors have found that in the second-stage reaction, the alcohol attached through 
linkage by the first-stage reaction does not undergo hydrolysis and transesterification. This 
enabled the production of the fluorine-containing compound of the present Invention. 

A fluorine-containing compound of the general formula [IX] can be produced In high yield by 
a mixture of equimolar amounts of thiomalic anhydride having an aliphatic alkyi group and an alcohol 
a fluoroalkyi ether group to addition reaction with heating at 100' to 150" C, at a pressure of 3 kg 
more in an autoclave. As to this addition reaction, a conventional method In which the reaction is cari[i 
at atmospheric pressure gives a very low yield. In the present invention, a high yield can be 
finding out a method in which, as described above, the reaction Is carried out under pressure. In 
a pressure of at least 3 kg/cm^ Is required. 

A fluorine-containing compound of the general formula [X] can be produced by adding a base 
such as sodium acetate, triethylamine, or pyridine and a polymerization Inhibitor such as hydroqi 
mixed solution of equimolar amounts of an a-mercapto allphatic-alkylcarboxylic acid and an 
methacrylate which have a fluoroalkyi ether group (as a solvent, a hydrophllic solvent such as 
methyl ethyl ketone Is suitable), and refluxing the resulting mixture with heating to add a group 
carbon-carbon double bond, i.e., an aery I or methacryl group to the mercapto group. The addition 
of an allphatic-alkylthiol to an aliphatic-alkylolefin has heretofore been well known [as literature 
reaction, there Is, for example, "Yuki lo Kagaku-Gosei Hanno Hen (Organic sulfur Chemistry-' 
Reaction)" p. 33, Kagaku Dojin K.K., (1982)]. The present inventor have found that also when an a 
allphatic-alkylcarboxylic acid is used as a thiol, the above addition reaction proceeds without I 
the carboxyl group. This finding also enabled the production of the fluorine-containing compounc 
present Invention. 

As the starting fluoroalkyi ethers used for producing the fluorine-containing compounds of the 
invention, there are, for example, the compounds described below. 
The alcohol having a fluoroalkyi ether group includes, for example, 
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F-t-C3FgO->^C2F4CH20H 



CF3O -e C^F^O )p ( CF^O-)^ CF2CH2OH 



10 



CF3 CF3 



I " I 
CFCF20->^— CFCH2OH 



75 



CF- 
I 



CF, 



F-^ CFCF20->^CFCH20C0(CH2)30H 



20 



CF, CF- 
,3 ,3 

F CFCFjO-)^ CFCH2OCO ( CH2 ) 4OH 



35 



CF. 



1 



CF- R- 
I 3 |6 



F-(-CFCF20-^CFC0NR** 2°" 



30 



35 



40 



I 



CF, 



F -<r CFCF20-^ CFCO-f - OCjH^-^ 



OH 



CF- 
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F-eCFCFjO-^-- 



CF- 



I 



CFCO 



OCgHg-^Y" OH 



CF, 



45 



CF3O 



CF^CFO )p ( CF2O CF2CH2OH 



CF. 



50 



CCIF^O 



CF^CFO )p ( CF^O -^-^ CF2CH2OH 



wherein Re is a hydrogen atom or an aliphatic all<yl group having 1 to 12 carbon atoms, R'"2 is an aliphatic 
56 alkylene group, p is an integer of 1 to 15, q is an integer of 1 to 45. and r is an Integer of 1 or more. 
The carboxyllc acid halide having a fluoroalkyi ether group Includes, for example. 



10 
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F^CjFgO-^C^F^COX 



CF3O C2F4O )p ( CF^O -tq- CF2COX 



CF, 



CF, 



F-(-CFCF20->^ CFCOX 



CF- 



CF, 



I ^ I 
F-e CFCF2O-)— CFCH20CO(CH2) 2COX 



CF3 CFj 



F-e CFCF2O ->^CFCH20CO < CH2 ) 3COX 



CF, 



I 



CF^ Rg 
1 ^ 



F-(-CFCF20->^CFC0NR"* 2^°^ 



CF3O 



CF, 



CF2CFO )p ( CF20->q- CF2COX 



CF. 



CC lF20-<- CF2CFO )p ( CFji 



^CF,COX 
q 2 



wherein Re is a hydrogen atom or an aliphatic alkyi group having 1 to 12 carbon atoms, R"'2 Is an alphatic 
all<ylene group, X Is a fluorine atom or a chlorine atom, p is an integer of 1 to 15, and q is an Integer of 1 to 
45 45. 

The secondary alkylamlne having a fluoroalkyi ether group includes, for example, 
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10 



CF^O-fr C2F40-^p-f-CF20-)g-CF2CH2NHR^ 



CF^ CF, 
,3 ,3 

F-f- CFCFjO-)^ CFCH2NHRj^ 



CF, 

75 I 3 



CF3O-f-CF2CF0->j-<-CF2p->^ CF2CH2NHRj^ 



20 CF« 



CClF^O-eCFgCFO )p ( CF^O->— CF^CHgNHRj^ 



25 



90 



wherein Ri is an aliphatic alkyi end group or an aliphatic alkenyl end group, p is an Integer of 1 to 15, and 
q is an integer of 1 to 45. 

The acrylate having a fluoroalkyi ether group includes, for exannple, 

F CgFgO C2F^CH20C0CH=CH2 

CF^O-f-C^F^O )p ( CF^O-)^ ^^2*^"2°^^^"°^"2 

CF^ CF^ 
,3 ,3 

F ^ CFCF^O-hr CFCH^OCOCH«CH^ 

CF^ CF. 
I ^ I J 



36 



46 



F CFCF2O --f^ CFCHjOCO ( CH2 ) 30COCH=:CH2 
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CF- 



CF, 



F -^-CFCFjO ^^CFCH20CO( CHj ) 4OCOCH-CH2 



CF, 



I 



CF, Rg 



F -i- CFCFjO -hp- CFCONR 20COCH-CH2 



CF- 



CF, 



F-(- CFCFjO CFCO 



OC^H - OCOCH=CH- 
2 4 r <i 



CFCF20-^ CFCO-e- OC3Hg->^OCOCH-CH2 



CF, 



CF3O -4- CF2CFO )p ( CF2O CF2CH20C0CH»CH2 



CF, 



CCIF2O 



CF2CFO )p ( CF2O -^CF2CH20COCH«CH2 



wherein Rs is a hydrogen atom or an aliphatic alky! group having 1 to 12 carbon atoms, R"'2 is an Aliphatic 
alkylene group, p is an integer of 1 to 15, q is an integer of 1 to 45, and r is an integer of 1 or more. 
The methacrylate having a fluoroalkyi ether group includes, for example, 

CH- 
I ^ 

C2F^CH20C0C»CH2 
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CH, 



q 2 2 2 



10 



CF- 
I ^ 

F-^CFCF20- 



CF, CH, 
, 3 ,3 

■CFCH^OCOC=CH, 



75 



CF- 
I ^ 

F-f-CFCF20- 



CF- CH, 
,3 I 3 . 

^ CFCHjOCO ( CHj ) gOCOC-CHj 



20 



F 



CF, 



CFCF^O 



CF, 



CH, 



hp- CFCH2OCO (CHj > ^OCOC-CH^ 



25 



CF, CF, 
J 3 , 3 ,6 

F-<- CFCF-O -h-- CFCONR' 



CH, 



jOCOC^CHj 



30 



CF, CF, CH, 

,3 ,3 ,3 

F-^CFCF^O-^^CFCO-^OCgH^-)-^ 0C0C=CH2 



35 



CF. 



I 

F-f - CFCF20- 



P 



CFCO -e OC^Hg 



CH, 



OCOC=CH, 



40 



CF. 



CH. 



CF3P 



CFjCFO- 



CFjO 



CF2CH20COC=CH2 



45 



CCIF2O 



CF2CFO 



CF2CH20COC=CH2 



60 

wherein Rs is a hydrogen atonn or an aliphatic alkyi group having 1 to 12 carbon atoms, R"'2 is an aliphatic 
alkylene group, p Is an integer of 1 to 15, q is an integer of 1 to 45, and r is an integer of 1 or more. 

As the lubricant compositions of the present invention, mixtures of a fluorine-containing compound of 
65 the general formula [I] and another lubricant are suitable. As the another lubricant, fluorocarbon type 
lubricants are preferably used. The fluorine-containing compound of the general formula [I] can be used 
alone as an lubricant. In particular, the fluorocarbon type lubricants described, for example, in Japanese 
Patent Application Kokai Nos. 61-107527, 61-107528, 61-107529, 62-92225, 62-92226 and 62-92227 are 
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suitable. In addition, other conventional lubricants, rust preventives, etc. can be used in admixture with the 
fluorine-containing compound of tlie general fornnula [I]. 

The fluorine-containing compound of the general formula [I] should be contained in the 
composition In a proportion of 20% or more, preferably 30% or more. When its content Is less thaji 
the effect of the present invention can hardly be obtained. 

Next, there are explained below examples of thin ferromagnetic-metai-film type magnetic 
medium obtained by forming a lubricant layer comprising the fluorine-containing compound of the 
formula [I]. 

The above-mentioned lubricant composition Is applied on the magnetic layer of a thin-ferrom4 
metal-film type magnetic recording medium directly or with a protective layer between by a 
wet coating method or a dry coating method such as vacuum deposition. As to the amount of 
composition is applied in the form of a thin layer in an amount of O.05 to 100 mg, preferably 0.1 to 
per m^ of the surface. 

As the thin ferromagnetic metal film, there can be used thin films of Co, Co-Ni, Co-Cr, Co-Fe, Ccj)- 
Co-Ni-Fe, Co-Ni-P, Co-Ni-Ta and the like, and a partially oxidized product thereof. These thin 
formed by vacuum deposition, sputtering, ion plating, plating, etc. If necessary, a primer layer of 
the like can be formed. The thickness of the thin ferromagnetic metal film including the thicknes: 
primer layer is suitably 500 to 5,000 A. On the surface of the thin ferromagnetic metal film 
optionally be formed, for example, a metallic protective layer of Cr, W, NiP or the like; an i 
protective layer of SiO, SiC, carbon, graphite, diamond-like carbon or the like; an organic protective 
a fluororesin, silicone resin, epoxy resin, polyamide resin, plasma polymerization product. radiatio|n 
merization product or the like; or a composite protective layer. 

As a non-magnetic substrate, there can be used those composed mainly of an oxide such aj; 
ceramics or th like; a metal such as Al alloy, Ti alloy or the like; or a plastic such as polyester, 
polyamide-imide, polycarbonate, polyacrylate or the like. In addition, there can be used substrates 
by optionally forming a Co-P plated film, a polyimlde coating film or the like on the surface of any 
materials, and substrates obtained by optionally forming, for example, protuberances in the form 
particles, hills, waves or the like, or by texturing. The surface roughness of the substrates is sui 
600 A in terms of maximum height (R max.). As their shape, for example, tape, film, sheet, disc, 
drum shapes can be chosen depending on purposes. 

The fluorine-containing compounds of the present invention have in the molecule a fluoroalkyi 
group, an aliphatic hydrocarbon end group and a specific polar end group, and their molecular 
hundreds to about 3,000. Therefore, the effect of the polar end group is sufficiently brought about 
polar end group adheres strongly to the surface of the thin metal film or the protective film and the 
of a magnetic head. In addition, the fluoroalkyi ether end group is exposed at the surface of the 
layer to contribute to the reduction of the surface energy and make the surface not adhesive, 
the aliphatic hydrocarbon end group has a flexible carbon-carbon chain, and molecules of the 
are oriented by the moderate intermolecular interaction with the hydrocarbon chains of adjacent 
so that the compound has satisfactory lubricating properties. 

Accordingly, by virtue of these synergistic effects of the end groups, a satisfactory lubricating 
is exhibited in all circumstances including low-humidity circumstances. Therefore, the problems 
reliability on durability of a thin-metal-film type magnetic recording medium are solved. 

As described above, the fluorine-containing compounds of the present invention can be utilized 
singly but also in the form of a lubricant composition comprising a mixture of the fluorine 
compound and a conventional compound. Moreover, they can be utilized for producing a nr 
recording medium comprising a lubricant layer comprising the fluorine-containing compound 
their industrial value is very high. 

In Examples 1 to 49, there are specifically described examples of fluorine-containing com 
processes for producing the same. In Examples 50 to 112, there are specifically described ex 
magnetic recording medium obtained by using a lubricant composition comprising each of the 
containing compounds. 

However. the present invention should not be construed to be restricted by these examples. 

Example 1 
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Production of 



CF, 



I 



CF 



^18"37 



F-f-CFCF20->Y' CFCHjOCO 



CHCHgCOOH 



[A] 



and 



CF- 



CF, 



> 



CHCOOH 



Ca;] 



F-C-CFCF20 CFCHgOCOCHg 



(molecular weight: 1^000) 



25 



30 



In a 1 -liter pressure autoclave made of glass having an agitating blade were placed 64.8 g (0.10 mole) 
of an alcohol having a fluoroalkyi ether group represented by the formula 

F-^-- CF ( CFg ) CF2O CF ( CHg ) GHjOH 



and 35.3 g (0.10 mole) of octadecylsuccinic anhydride. The air in the system was replaced with nitrogen, 
after which the reaction was carried out with stirring at 120' C and at a nitrogen pressure of 3 kg/cm^ for 5 
35 hours. Then, the reaction mixture was dissolved in isopropyl ether, and the resulting solution was cooled to 
-ICC to remove the unreacted octadecylsuccinic anhydride. Subsequently, the residue was transferred to 
a vacuum distillation still provided with an oil diffusion pump and the unreacted alcohol having a fluoroalkyi 
ether group was removed under conditions of 100*C and about 1 x 10"^ mmHg to obtain 92 g (yield 92%) 
of a white solid having a melting point of 86 *C. As a result of infrared spectroscopic analysis (IR), gel 
40 permeation chromatography (GPC) and field desorption mass spectrometry (FD-MS), the while solid was 
found to be a mixture of fiuorino-containing compounds of the formulas A and A" which did not contain the 
starting materials and any by-product. 

IR; There appeared an absorption peak due to a carboxylic acid at 1,705 cm^ and an absorption 

peak due to an ester at 1,755 cm"\ An absorption peak due to the acid anhydride at 1,775. 
46 cm~^ disappeared. 

GPC; There were not detected the starting materials, I.e., the alcohol having a fluoroalkyi ether 

group and octadecylsuccinic anhydride. 
FD-MS; A parent peak appeared at a m/e ratio of 1,000. 

50 Example 2 
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Production of 



CF, 



^14^29 



CF3O CF^CFO )p ( CF^O-^^CF^CH^OCO 



and 



^CHCH^COOH [B] 



CF, 



CF3O -i- CF2CFO )p ( CF2O CF2CH2OCOCH2 



(iaverage molecular weight: 1,000} 



> 



CHCOOH [B' 



25 



In a 1 -liter pressure autoclave made of glass having an agitating blade were placed 70,0 g (0.1 C 
of an alcohol having a fluoroalkyi ether group represented by the formula 



mole) 



30 



CF3O 



CF^CF < CF3 ) O ]p [ CF^O CF2CH2OH 



nriole) 



35 



of 
was 
^suiting 
the 



40 



10 



45 



wherein each of p and q is an integer of 1 to 9 (average molecular weight: 700) and 29.7 g (0.10 
tetradecylsuccinic anhydride. The air in the system was replaced with nitrogen, after which the reactilon 
carried out with stirring at 100* C and at a nitrogen pressure of 5 kg/cm^ for 6 hours. Then, the n 
mixture was dissolved in isopropyt ether and the resulting solution was cooled to -10* C to remcive 
unreacted tetradecylsuccinic anhydride. Subsequently, the residue was transferred to a vacuum distillation 
still provided with an oil diffusion pump, and the unreacted alcohol having a fluoroalkyi ether grojjp 
removed under conditions of 100' C and about 1 x 10*"^ mmHg to obtain 96 g (yield 96%) of a whi 
having a melting point of 60 °C. As a result of IR, GPC and FD-MS, the white solid was found 
mixture of fluorine-containing compounds of the formulas B and B* which did not contain the 
materials and any by-product. 

There appeared an absorption peak due to a carboxylic acid at 1,705 cm"^ ind 
absorption peak due to an ester at 1 ,755 cm^^ . An absorption peak due to the acid hplide 
1,775 cm"" ^ disappeared. 

There were not detected the starting materials, i.e., the alcohol having a fluoroalk>[l ether 

group and tetradecylsuccinic anhydride. 
A parent peak appeared at a m/e ratio of 1 ,000.. 



IR; 



GPC; 
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Cl6«33C"-CV 

^CHCH2C00H 

-C-F,CH,OCO 
p 2 4 2 








CC] 


10 


and 






15 




^16"33^""^"\ 

^CHCOOH 
►p-C2^CH20C0CH2-^ 


[C] 




(average molecular weight: 2,830) 





20 



In a 1 -liter pressure autoclave made of glass having an agitating blade were placed 248 g (0.10 mole) of 
an alcohol having a fluoroalkyi ether group rBpresented by the formula 



25 



30 wherein p Is an Integer of 1 to 15 (average molecular weight: 2,480) and 35.0 g (0.10 mole) of 
octadecenylsuccinic anhydride. The air In the system was replaced with nitrogen, after which the reaction 
was carried out with stirring at 140' C and at a nitrogen pressure of 10 kg/cm^ for 8 hours. Then, the 
reaction mixture was dissolved in isopropyl ether and the resulting solution was cooled to -10* C to remove 
the unreacted octadecenylsuccinic anhydride. Subsequently, the residue was transferred to a vacuum 

35 distillation still provided with an oi! diffusion pump and the unreacted alcohol having a fluoroalkyi ether 
group was removed under conditions of 140'C and about 1 x 10"* mmHg to obtain 232 g (yield 82%) of a 
wax-like semisolid. As a result of IR» GPC and FD-MS, the wax-like semisolid was found to be a mixture of 
fluorine-'containing compounds of the formulas C and C which did not contain the starting materials and any 
by-product. 

40 IR; There appeared an absorption peak due to a carboxylic acid at 1,705 cm""^ and an 

absorption peak due to an ester at 1,765 cm""^ An absorption peak due to the acid 
anhydride at 1 ,775 cm""^ disappeared. 
GPC; There were not detected the starting materials, i.e.. the alcohol having a fluoroalkyi ether 
group and octadecenylsuccinic anhydride. 

45 FD-MS; A . parent peak appeared at a m/e ratio of 2,830. 

Example 4 
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Production of 



^lo"21. 



^^3 ' ^CHCH2COOH [D] 

CCIF^O CFjCFO )p ( CF2Q CF2CH2OCO 

and 



CF ^10^21^ 
I 3 ^^CHCOOH tD 

CCIF2O -f-CFjCFO )p ( CF^Q -f^CF^CH^OCOCH^ 
(average molecular \7eighb: 1,520) 



132 Grams (yield 87%) of a colorless and transparent liquid was produced under the sanne cordltions 



as in Example 1, except for using 128 g (0.10 mole) of an alcohol having a fluoroalkyi ether 
represented by the formula 



group 



OH 



CClF^O-t- CF2CF(CF3)0 ]p [ CF^O CF^CH^ 

wherein each of p and q is an integer of 1 to 15 (average molecular weight: 1,280) and 24.0 g (0.10 njiole) of 
decylsuccrnic anhydride as starting materials. As a result of IR, GPC and FD-MS, the colorless and 
transparent liquid was found to be a mixture of fluorine-containing compounds of the formulas D and D' 
which did not contain the starting materials and any by-product. 

IR; There appeared an absorption peak due to a carboxylic acid at 1 ,750 cm""^ And an 

absorption peak due to an ester at 1,755 cm~''. An absorption peak due to tlnje acid 
anhydride at 1,775 cm"~^ disappeared. 
GPC; There were not detected the starting materials, i.e., the alcohol having a fluoroalkv[l ether 

group and decylsuccinic anhydride. 
FD-MS; A parent peak appeared at a m/e ratio of 1,520. 

Example 5 

The following fluorine-containing compounds were produced under the same conditions as in Example 

1. 
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CF3O -f - C2F^0 )p ( CF2O CF2CH2OCO 



and 



^CHCH2COOH 



70 



15 



CF3O C2F^0 ->j-f-CF20 CF2CH2OCOCH2 



> 



CHCOOH 



20 



(average molecular weight: 1,100) 

Example 6 

The following fluorine-containing connpounds were produced under tlie same conditions as in Example 



1. 

25 



I 3 I 3 J^CHCH^COOH 

30 F-f- CFCF20-)^ CFCH2OCO ( ) 3OCO 



35 



40 



46 



and 



^18^37 

^^3 ^^3 ^CHCOOH 

F-t- CFCFjO-^ CFCH20CO(CH2)30COCH2 

(average molecular weight: 1,730) 

Example 7 

The following fluorine-containing compounds were produced under the same conditions as in Example 



1. 
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^^3 ^^3"' "'^CHCH2COOH 

F "f-CFCF^O CFCONCjH^OCO 



and 



^18^37 

^^3 f^3 ?^3 ^CHCOOH 



I 

F-<- CFCF^O CFCONC2H^OCOCH2 

(average molecular weight: 1,250) 

Example 8 

The following fluorine-containing compounds were produced under the sanne conditions as in E)jample 



1. 



^18^37 

^^3 1^3 ^CHCH^COOH 

F -t- CFCF2O CFCO QC2H^->^ OCO 



and 



^18^37 

^^3 ^^3 ^^CHCOOH 

F CFCF20->p-CFC0-(- OC2H^-)4-OCOCH2 



(average molecular weight: 1/750) 
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Production of 




^14^29 




CF, CF- >CHCOOH 
F CFCFgO CFCOO 


[E] 




(molecular weight: 917) 





76 



20 



In a 1 -liter flask equipped with an agitating blade and a dropping funnel were placed 66.4 g (0.10 mole) 
of a carboxylic acid fluoride having a fluoroalkyt ether group represented by the formula 



F CF ( CF3 ) CFjO "J-g-CF ( CF3 ) COF 



and 300 ml of anhydrous diethyl ether, and cooled to 5 'C or lower. Then, a solution of 27.2 g (0.10 mole) 
of a-hydroxypalmitic acid In 100 ml of anhydrous pyridine was added dropwise with stirring over a period of 

25 about 2 hours to carry out the reaction. After completion of the reaction, the reaction solution was washed 
with 5% hydrochloric acid. Subsequently, it was repeatedly washed with distilled water until the pH of the 
aqueous layer became 7. The solution thus washed was dried over anhydrous sodium sulfate. Then, the 
resulting solution was cooled to -10'C to remove the unreacted a-hydroxypalmitic acid. The residue was 
transferred to a vacuum distillation still provided with an oil diffusion pump, and a carboxylic acid having a 

30 fluoroalkyl ether group produced from the unreacted starting carboxylic acid fluoride having a fluoroalkyi 
ether group by hydrolysis was removed under conditions of 100'C and about 1 x 10~^ mmHg to obtain 60 
g of a white solid having a melting point of 76* C. As a result of IR, GPC and FD-MS, the white solid was 
found to be a fluorine-containing compound of the formula E which did not contain the starting materials and 
any by-product. 

35 iR; An absorption peak due to an ester at 1,755 cm~^ appeared. An absorption peak due to a 

Inydroxyl group at 3,330 cm"*'' disappeared. 
GPC; There were not detected the carboxylic acid having a fluoroalkyl ether group and a- 

hydroxypatmitic acid, the stairting materials. 
FD-MS; A parent peak appeared at a m/e ratio of 917. 

40 

Example 10 
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CFgO-eCF^CFO )p ( 


2 q 2 




(average molecular 


weight: 1,010) 





In a 1-llter flask equipped with an agitating blade and a dropping funnel were placed 75.0 g (0.10 mole) 
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of a carboxylic acid chloride having a fluoroalkyl ether group represented by he fornnula 



50 
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CF3O -f- CF^CF ( CF3 ) O 



-E-CF^O- 



h^CF^COCl 



acid 
carry 
carried 
the 
the 



tD 



MS 



wherein each of p and q is an integer of 1 to 9 (average molecular weight: 750) and 300 ml of anhydrous 
diethyl ether, and cooled to 5' C or lower. Then, a solution of 30.1 g (0.10 mole) of 12-hydroxysteai|ic 
in 100 ml of anhydrous pyridine was added dropwise with stirring over a period of about 2 hours 
70 out the reaction. After connpletion of the reaction, the same purifying treatment as in Example 9 was 
out to obtain a white solid (72 g) having a melting point of 62 °C. As a result of IR, GPC and FD- 
white solid was found to be a fluorine containing compound of the formula F which did not cont|aln 
starting materials and any by-product. 

IR; An absorption peak due to an ester at 1,755 cm~^ appeared. An absorption peak djje to a 

15 hydroxy! group at 3,330 cm~^ disappeared. 

GPC; There were not detected carboxylic acid having a fluoroalkyl ether group and 12-ltiydrox- 

ystearic acid, the starting materials. 
FD-MS; A parent peak appeared at a m/e ratio of 1,010. 

20 Example 11 



Production of 



^CHC^H^^COOH 



tG] 



F-<_C3FgO->^C2F4COO 



(average molecular weight: 2,770) 



In a 1 -liter flask equipped with an agitating blade and a dropping funnel were placed 30.0 g (0.1 
of 9-oxy-12-octadecenolc acid and 300 ml of anhydrous pyridine, and cooled to 5*C or lower, 
solution prepared by dissolving 251 g (0.10 mole) of a carboxylic acid chloride having a fluoroalkyl 
group represented by the formula 



F^CgFgO- 



h— C^F.COCl 
P 2-4 



wherein p Is an integer of 1 to 15 (average molecular weight: 2,510) in 300 ml of anhydrous diethyl ether, 
was added dropwise with stirring over a period of about 3 hours to carry out the reaction. After conpletlon 
of the reaction, the same purifying treatment as in Example 9 was carried out to obtain a wax- like semisolid 
(166 g). As a result of IR, GPC and FD-MS, the wax-like semisolid was found to be a flurine-coptaining 
compound of the formula G which did not contain the starting materials and any by-product. 



IR; 



GPC: 



FD-MS; 



Example 12 



An absorption peak due to an ester at 1 ,755 cm 
hydroxyl group at 3,330 cm"^ disappeared. 

There were not detected carboxylic acid having a fluoroalkyl ether group and 9-|< 
octadecenoic acid, the starting materials. 
A parent peak appeared at a m/e ratio of 2,770. 
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Production of 



^11^23 



1^ > 

CClF^O-eCF^CFO >p ( CFjO-)^ CF2COO 
(av^erage molecular weight: 1,550) 



CHCH^COOH [H] 



15 



A colorless and transparent liquid was produced under the sanne conditions as in Exannple 9, except for 
using a carboxylic acid chloride having a fluoroalkyl ether group represented by the formula 



20 



CCIF2O — E-€F2CF(CF3)0 3p [ CF^OH^ GF^COCl 



wherein each of p and q is an integer of 1 to 15 (average molecular weight: 1,310) and )3-hydroxymyristic 
acid as starting materials. As a result of IR, GPC and FD-MS, the colorless and transparent liquid was found 
25 to be a fluorine-containing compound of the formula H which did not contain the starting materials and any 
by-product. 

An absorption peak due to an ester at 1,755 cm"^ appeared. An absorption peak due to a 
hydroxyl group at 3,330 cm~^ disappeared. 

There were not detected carboxylic acid having a fluoroalkyl ether group and /S-hydrox- 
ymyristic acid, the starting materials. 
FD-MS; A parent peak appeared at a m/e ratio of 1 ,550. 



IR; 



GPC; 



30 



Example 13 

36 The following fluorine-containing compound was produced under the same conditions as in Example 9. 



40 



46 



^14^29 



> 



CHCOOH 



CF30-e C^F^O )p ( CF^O^ CF^COO 

(average molecular weight: 1,010) 



Example 14 

50 The following fluorine-containing compound was produced under the same conditions as in Example 9. 



55 
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10 



IS 



20 



25 



30 



35 



40 



45 



50 



55 



CF. 



F~<~CFCF. 



CF. 



^14^29, 



^ 3 ^CHCOOH 
— CFCH2OCO (CHj ) 2COO 

(average molecular weight: 1,640) 



Example 15 

The following fluorine-containing compound was produced under the same conditions as in Examfjile 1 



^14^29. 



CF. 



F -ir CFCF2O ->p - CFCONCH2COO 



(average molecular weight: 1,360) 



Example 16 



Production 


of 




CF- 
1 ^ 


^18"37. 
CF- > NC,H.COOH 

-^CFCH2 


[Jl 


(molecular 


weight: 972) 





In a 1 -liter flask equipped with an agitating bjade and a dropping funnel were placed 90.0 g (0.1 C 
of a secondary alkylamine having a fluoroalkyi ether group represented by the fornnula 



CF ( CF3 ) CF^O CF ( CF3 ) CH2 NEC ^ qHj ^ , 



hours 
solution 



21.4 g (0.10 mole) of methyl 3-iodopropionate and 300 ml of methyl ethyl ketone (MEK). A solution 
g of sodium carbonate in 100 ml of distilled water was added dropwise with stirring over a period of 
hour while raising the temperature. Then, refluxing and stirring were continued for another 8 
complete the reaction. After completion of the reaction, the MEK was removed from the reaction 
distillation, and hexane was added to the residue to obtain a solution. This solution was repeatedly 
with distilled water until the pH of the aqueous layer became 7. The washed solution was dried 

25 



mole) 



of 15.9 
^bout 1 
to 
by 

vi^ashed 
over 
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10 



15 



20 



anhydrous sodium sulfate. Next, the hexane was distilled off and the residue was dissolved in Isopropyl 
ether (lEP). The resulting solution was cooled to 5* C to remove the unreacted secondary alkylamlne having 
a fluoroalkyi ether group. Then, the IPE was distilled off and the residue was dissolved In methanol. The 
resulting solution was cooled to 0"C to remove the unreacted methyl 3-lodopropionate. In a 1-llter flask 
equipped with an agitating blade and a dropping funnel were placed 59.2 g (0.06 mole) of the thus obtained 
methyl ester of fluorine-containing compound ot the formula J and a solution of 13.0 g of sodium hydroxide 
In 150 ml of 90% ethanol. Refluxing and stirring were continued for 3 hours, after which 6 N hydrochloric 
acid was added until the reaction solution became acidic, whereby a precipitate was formed. The precipitate 
was dissolved in chloroform and the resulting solution was repeatedly washed with distilled water until the 
pH of the aqueous layer became 7. The washed solution was dried over anhydrous sodium sulfate. Then, 
the chloroform was distilled off, after which hexane was added to the residue to obtain a solution of the 
reaction product in hexane. and recrystallization was carried out at room temperature to obtain 52 g of a 
white solid having a melting point of 110* C. As a result of IR, GPC and FD-MS, the white solid was found 
to be the fluorine-containing compound of the formula J which did not contain the starting materials and any 
by-product. 

IR; An absorption peak due to a carboxylic acid at 1,710 cm"^ appeared. 

QPC; There were not detected the stating materials, i.e., the secondary alkylamine having a 

fluoroalkyi ether group and methyl 3-iodopropionate. 
FD-MS; A parent peak appeared at a m/e ratio of 972. 

Example 17 



Production of 








1 ^ 




^14^29^ 

]>NCH2C00H 


[K] 


CF3O CF^CFO )p ( 


.CF20-^ 


-CF2CH2 




(average molecular 


weight: 


950) 





25 



30 



35 



40 



In a 1 -liter flask equipped with an agitating blade and a dropping funnel were placed 89.0 g (0.10 mole) 
of a secondary alkylamine having a fluoroalkyi ether group represented by the formula 

CF3O HE- CF2CF ( CF3 ) O 3p [ CF^O -3^ CF2CH2NHC^4H2 9 



45 wherein each of p and q is an integer of 1 to 9 (average molecular weight: 890), 20.0 g (0.10 mole) of 
methyl iodoacetate and 300 ml of MEK. A solution of 15.9 g of sodium carbonate in 100 ml of distilled water 
was added dropwise with stirring over a period of about 1 hour while raising the temperature. Then, 
refluxing and stirring were continued for another 8 hours to complete the reaction. After completion of the 
reaction, the same purifying treatment as in Example 16 was carried out. In a 1 -liter flask equipped with an 

50 agitating blade and a dropping funnel were placed 57.7 g (0.06 mole) of the thus obtained methyl ester of a 
fluorine-containing compound of the formula K and a solution of 13.0 g of sodium hydroxide In 150 ml of 
90% ethanol. Refluxing and stirring were conducted for 3 hours, after which 6 N hydrochloric acid was 
added dropwise until the reaction solution became acidic, whereby a precipitate was formed. The precipitate 
was subjected to the same purifying treatment as in Example 16 to obtain 50 g of a white solid having a 

66 melting point of 85* C. As a result of IR, GPC and FD-MS. the white solid was found to be the fluorine- 
containing compound of the formula K which did not contain the starting materials and any by-product. 
IR; An absorption peak due to a carboxylic acid at 1,710 cm'''' appeared. 

GPC; There were not detected the starting materials, i.e., the secondary alkylamine having a 
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fluoroalkyi ether group and methyl iodoacetate. 
FD-MS; A parent peak appeared at a m/e ratio of 950. 

Example 18 



70 



75 



Production of 



CgH^^CH^CHCaH^g 



^N(CH2)iiCOOH [L] 



(average molecular weight; 2^930) 



20 



A wax-like semisolid was obtained by the same production process as in Example 16, except fol using 
a secondary alkylamine having a fluoroalkyi ether group represented by the formula 



25 



wherein p is an integer of 1 to 15 (average molecular weight: 2,730) and methyl l2-bromoclodecan(j)ate 
starting materials. As a result of IR, QPC and FD-MS. the wax-like semisolid was found to be a 
30 containing compound of the formula L which did not contain the starting materials and any by-produci. 



35 



IR; 

GPC; 
FD-MS; 
Example 19 



An absorption peak due to a carboxylic acid at 1710 cm""* appeared. 

There were not detected the starting materials, i.e., the secondary alkylamine having a 
fluoroalkyi ether group and methyl 12-bromododecanoate. 
A main peak appeared at a m/e ratio of 2930. 



40 



45 



50 



Production of 



CF, 



^10^21 



CC IF^O-^- CF^CFO )p ( CF^O CF2CH2 
(average molecular weight: 1/530) 



^^N(CH2)5COOH 



as 

flborine- 



[M] 



A wax-like semisolid was obtained by the same production process as in Example 16. except f4r using 
65 a secondary alkylamine having a fluoroalkyi ether group represented by the formula 
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CC1F,0 -t-CF_CF(CF-)0-4: 



10 



wherein each of p and q is an integer of 1 to 15 (average nnolecular weight: 1,420) and nnethyl 6- 
iodohexanoate as starting nnaterials. As a result of IR, GPC and FD-MS, the wax-like semisolid was found to 
be a fluorine-containing compound of the formula M which did not contain the starting materials and any by- 
product. 

IR; An absorption peak due to a carboxylic acid at 1,710 cm*"^ appeared. 

GPC; There were not detected the starting materials, i.e., the secondary alkylamine having a 

fluoroalkyi ether group and methyl 6-iodohexanoate. 
FD-MS; A parent peak appeared at a m/e ratio of 1 ,530. 



Example 20 
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40 



46 



Production 


of 








CF, 
1 ^ 

F-e-CFCFjO- 


f 3 

-t3-CFCH20CO- 




^COOH 


[N] 


and 










CF, 
1 ^ 

F-(-CFCF20- 


CF- 
1 ^ 

->3-CFCH2CX:0- 




COOH 
h-CbOC^gH37 


[N'l 


(molecular weight: 1/093) 







In a 1-liter flask equipped with an agitating blade and a dropping funnel were placed 21.2 g (0.10 mole) 
of trimellltic anhydride chloride and 300 ml of anhydrous pyridine, and cooled to 5"C or lower. Then, a 
solution of 64.8 g (0.10 mole) of an alcohol having a fluoroalkyi ether group represented by the formula 



F -f- CF ( CP3 ) CF^O CF ( CFg > CHjOH 

50 in 300 ml of anhydrous diethyl ether was added dropwise with stirring over a period of about 3 hours to 
carry out the reaction. After completion of the reaction, the reaction solution was washed with 5% 
hydrochloric acid. Then, it was repeatedly washed with distilled water until the pH of the aqueous layer 
became 7, The solution thus washed was dried over anhydrous sodium sulfate. Subsequently, the diethyl 
ether was distilled off, after which the residue was transferred to a vacuum distillation still provided with an 

65 oil diffusion pump, and the unreacted starting alcohol having a fluoroalkyi ether group was removed under 
conditions of 100*C and about 1 x 10*~3 mmHg to obtain 72.0 g of trimellitic anhydride fluoroalkyi ether 
ester. In a 1 -liter flask equipped with an agitating blade were placed 72.0 g (0.088 mole) of this product. 
23.8 g (0.088 mole) of stearyl alcohol and 300 ml of anhydrous benzene, and refluxed with heating to carry 
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at 



room 



out the reaction. After completion of the reaction, the reaction solution was allowed to stand 
temperature for 24 hours to recrystallize the reaction product. The reaction product was further recjrystal 
lized from acetone to obtain a white solid {67 g) having a melting point of 42° C. As a result of IR, 
FD-MS. the white solid was found to be a mixture of fluorine-containing compounds of the formulas 
N' which did not contain the starting materials and any by-product 



GFC 



10 



IR; 



GPC; 



FD-MS; 



Example 21 



and 



an 
at 



There appeared an absorption peak due to a carboxylic acid at 1,705 cm 
absorption peak due to an ester at 1,755 cm-^ An absorption peak due to the acid helllde 
1,755 cm""^ disappeared. 

jhere were not detected the starting materials, i.e., the alcohol having fiuoroalkyi| ether 
group, stearyl alcohol, and chloride of trimellitic anhydride, and any by-product. 
A parent peak appeared at a m/e ratio of 1 ,093. 



15 



20 



25 



30 



35 



Product of 



C00C13H35 



CF30 -f- C2F4O CF20 CF2CH2OC0 —(2/ 



[O] 



and 



COOH 



CF,O-^C2F40->j-^CF,0->7;-CF,CH2OCO 



2- -7q 2^"2^^^ \W/ 



COOC, 



18"35 



(average molecular weight: 1#200> 



40 



45 



50 



56 



A wax-like semisolid was obtained by the same production process as in Example 20, except fojr using 
as starting materials an alcohol having a fluoroalkyi ether group represented by the formula 

'CF2CH2OH 

wherein each of p and q is an Integer of 1 to 7 (average molecular weight: 760), oleyl alcohol, and trimellitic 
anhydride chloride. As a result of IR, GPC and FD-MS, the wax-like semisolid was found to be a mi:cture of 
fluorine-containing compounds of the formulas O and O' which did not contain the starting materijals and 
any by-product. 

There appeared an absorption peak due to a carboxylic acid at 1,705 cm 
absorption peak due to an ester at 
anhydride at 1,775 cm^^ disappeared. 

There were not detected the starting materials. I.e., the alcohol having a fluoroalk>^l ether 
group, oleyl alcohol, and chloride of trimellitic anhydride, and any by-product 
A parent peak appeared at a m/e ratio of 1 ,200. 



IR; 



GPC; 



FD-MS; 



Example 22 



and an 

1.755 cm"•^ An absorption peak due to the acid 



and 
N and 
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Production 


of 










1 ^ 


CF, 
1 ^ 










Jt? ^ v»iJ ».»x; 2*-' 




3OCO— ^ 






[P] 


and 












CF, 

1 ^ 

F-f-CFCFjO- 


CF, 
1 ^ 

CFCH^OCO ( CH^ > 


3OCO— < 




COOH 


CP'] 


( average molecular weight: 


1,830) 









26 A wax-like semisolid was obtained by the same production process as in Example 20, except for using 
as starting materials an alcohol having a fluoroalkyi ether group represented by the formula 



F-t" CF ( CFj ) CFjO CF ( CF^ ) CH^OCO ( ) 3OH 

30 

wherein p is an integer of 1 to 15 (average molecular weight: 1,390), stearyl alcohol, and trimellltic 
anhydride chloride. As a result of IR, QPC and FD-MS, the wax-like semisolid was found to b© a mixture of 
fluorine-containing compounds of the formulas P and P* which did not contain the starting materials and any 
35 by-product. 

IR; There appeared an absorption peak due to a carboxylic acid at 1,705 cm'~'' and an absorption 
peak due to an ester at 1,755 cm~\ An absorption peak due to the acid anhydride at 1,775 
cm^^ disappeared. 

GPC; There were not detected the starting materials, i.e., the alcohol having a fluoroalkyi ether group, 
40 stearyl alcohol, and chloride of trimellitic anhydride, and any by-product. 

Example 23 



45 



so 



66 
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20 



Production of 



CF. 



CFCF^O- 



CF-3 

I ^ 
•CFCO 



0C2H^)4OC0 




COOH 



[Q] 



and 



COOH 



CF. 



CF. 



I 



F-ir CFCFjO-^ CFCO--e 0C2H^ ) ^OCO 



-h(^^COOC,3H3^ 



(average molecular weight: 1/850) 



25 



A wax-like semisolid was obtained by the same production process as in Example 20, except foi| using 
as starting materials an alcohol having a fluoroalkyi ether group represented by the formula 



30 



OH 



F CF < CFj > CF^O CF ( CF3 ) CO -f- OC^H^ ) ^ 



36 wherein p is an Integer of 1 to 15 (average molecular weight: 1,330), stearyl alcohol, and triifnellitlc 
anhydride chloride. As a result of IR, GPC and FD-MS, the wax-like semisolid was found to be a mix|ture 
fluorine-containing compounds of the formulas Q and which did not contain the starting materi 
any by-product. 

IR; There appeared an absorption peak due to a carboxylic acid at 1,705 cm^"" and an absbrpti 

40 peak due to an ester at 1,755 cm — \ An absorption peak due to the acid anhydride a1 

cm""" disappeared. 

GPC; There were not detected the starting materials, i.e., the alcohol having a fluoroalkyi ether 
stearyl alcohol, and chloride of trimellitic anhydride, and any by-product. 



of 
Is and 

ion 
1 ,775 

group. 



45 Example 24 

The following fluorine-containing compounds were produced under the same conditions as in E:|cample 

20. 

60 



55 
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CF3 CF3 CHg / 37 

F -ir CFCF^O CFCONC2H^0C0 — /QV COOH 



and 



10 



CF^ CF^ CH, 

1 3 j 3 I 3 



76 




20 



F CFCFjO-)^ CFCONC2H4OCO COOC^gHg^ 

(average molecular weight: 1,550) 

Example 25 

The following fluorine-containing compounds were produced under the same conditions as in Example 



25 20. 



CP /°°^18*^37 



CClF20-eCF2CFO->^-<-CF20-^CF2CH20CO--^^-COOH 



COOH 



CClF20-f-CF2CFO->^-f-CF20^CF2CH20CO ^(j^-COOC^^H^^ 



(average molecular weight: 1,770) 



Example 26 

The following fluorine-containing compounds were produced under the same conditions as in Example 

20. 



55 
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CF, 



CF, 



10 



C18H37OCO 



and 




3 y'3 

C00CH2CF -e 0CF2CF-J-5-F 

COOH 



COOH 



IB 



CI8H37OCO 




CF. 



CF, 



I " I 



20 



COOCH2CF -t- OCF2CF-i2^ F 



(molecular weight: 1/093) 



Example 27 



25 



20. 



30 



35 



40 



The following fluorine-containing compounds were produced under the same conditions as in Example 

COOCH2CF2-e 0CF 2)g ( OC^F^^ OCF3 

and 

COOH 



Cl8»3 70CO 




COOCH2CF2^ OCF2-^^--^ OC2F^->p~OCF3 



46 



50 



(average molecular weight: 1,200) 

Example 28 

The following lluorine-containing compounds were produced under the same conditions as in Example 

20. 



55 
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EP 0 473 871 A2 



CF- 



CF, 



COO (CHj ) 3COOCH2CF -e 0CF2CF->^F 
-<^^-COOH 



J5 



20 



25 



COOH 

^ f 3 f 3 



(average molecular weight: 1,830) 

Example 29 

The following fluorine-containing compounds were produced under the same conditions as in Example 



30 20. 



35 



40 



c^aH370co 



and 



CF, 



-^^^COOH 



COOC2 NOCCF -t- OCF2 CF->- F 



45 



so 



C13H37OCO 



COOH 




?"3?^3 



CF. 



I 



COOC2H^ NOCCF 0CF2CF->^F 
(average molecular weight: 1,550) 



55 



Example 30 

The following fluorine-containing compounds were produced under the same conditions as in Example 

34 
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20. 



CF, 



I 



10 



and 




COO -^C^n^O-^COCF-^OCF^CF-hp- F 



COOH 



75 



COOH 



CF, 



CF, 



20 



Cl8»37°^° 



~\0/"" C2H40-^C0CF-f - 0CF2CF-)^F 



(average molecular weight: 1/850) 



25 



Example 31 



30 



35 



40 



4S 



so 



Production of 



CF, 



I 

F-^CFCF20 



^18^37^ 
CFo 



»^ CFCH2OCO 



CHCH2COOH 



[R] 



and 



CF, 



CF, 



^18"37^ 



I ^ > 

F-^ CFCFjO CFCH2OCOCH2 
(molecular weight: 1^199) 



CHCOOH 



56 In a 1 -liter pressure autoclave made of glass having an agitating blade were placed 81.4 g (0.1 Q nnole) 
of an alcohol having a fluoroalkyi ether group represented by the formula . 
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F-^-CF(CP3)CF20 



CF(CF3)CH20H 



10 



15 



20 



and 38.5 g (0.10 mole) of octadecylthiomallc anhydride. The air in the system was replaced with nitrogen, 
after which the reaction was carried out with stirring for 10 hours at 120* C and at a nitrogen pressure of 4 
to 5 kg/cm^. After completion of the reaction, the reaction mixture was dissolved In isopropyl ether and the 
resulting solution was cooled to -10' C to remove the unreacted octadecylthiomalic anhydride Then, the 
residue was transferred to a vacuum distillation still produced with an oil diffusion pump, and the unreacted 
aicohol having a fluoroalkyi ether group was removed under conditions of 110 and about 1 x 10""^ mmHg 
to obtain 102 g (yield 85%) of a white solid. As a result of IR, GPC and FD-MS, the white solid was found to 
be a mixture of fluorine-containing compounds of the formulas R and R' which did not contain the starting 
materials and any by-product. 



IR; 



GPC; 



FD-MS; 



Example 32 



There appeared an absorption peak due to a carboxyiic acid at 1,705 cm""* and an 
absorption peak due to an ester at 1,755 cm""\ An absorption peak due to the acid 
anhydride at 1,775 cm"^ disappeared. 

There were not detected the starting materials, i.e.. the alcohol having a fluoroalkyi ether 

group and octadecylthiomalic anhydride. 

A parent peak appeared at a m/e ratio of 1 ,199. 



25 


Production of 






30 


CF, CF, CH- ^ 

1 ^ 1 ^1 ^ / 
F -(- CFCFjO -J^CFCONCjH^OCO 


CHCH2COOH 


[s] 


35 


and 






40 


CF, CF, CH, 

1 ^ 1 M ^ 
F CFCFjO CFCONCjH^OCOCH 


\>CHCOOH 


[S'] 


45 


(average molecular weight: 1 


,650) 





50 In a 1 -liter pressure autoclave made of glass having an agitating blade were placed 138 g (0.10 mole) of 
an alcohol having a fluoroalkyi ether group represented by the formula 



66 



F -[- CF(CF3 > CP2O CF ( CF3 ) CON ( CH3 ) C2H^OH 



wherein p is an integer of 1 to 15 (average molecular weight: 1,380) and 27.2 g (0.10 mole) of 
decylthiomalic anhydride. The air in the system was replaced with nitrogen, after which the reaction was 

36 
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carried out with stirring for 5 hours at 140" C and at a nitrogen pressure of 9 to 10 kg/cnn^. After connpleti 
of the reaction, the same purifying treatment as in Example 31 was carried out to obtain 129 g (yield 
of a milk-white colloidal liquid. As a result of IR, QPC and FD-MS, the milk-white colloidal liquid was 
to be a mixture of fluorine-containing compounds of the formulas S and S' which did not contain the 

materials and any by-product. 



10 



15 



20 



25 



30 



35 



40 



45 



on 
78%) 
found 
starting 



IR; 



GPC; 



FD-MS; 



Example 33 



There appeared an absorption peak due to a carboxylic acid at 1,705 cm""^ aid an 
absorption peak due to an ester at 1,755 cm"\ An absorption peak due to the acid hallide at 
1,775 cm"^"' disappeared. 

There were not detected the starting materials i.e., the alcohol having a fluoroalkyi ether 
group and decylthiomalic anhydride. 
A parent peak appeared at a m/e ratio of 1 ,650. 



Production of 






F-^C3FgO-^C2l4CH20CO 


CHCH2COOH 


[T] 


and 






F-f- C- F ,0 -hr C-F . CH^OCOCH ' 
36 p 242 2 


CHCOOH 


CT'] 


(average molecular weight: 


2,840) 





There was obtained about 204 g (yield 72%) of a milk-white cplloldal liquid by the same production 
process as in Example 31, except for using 248 g (0.10 mole) of an alcohoi having a fluoroalkyi ether group 
represented by the formula 

36 p 24 2 

wherein p is an integer of 1 to 15 (average molecular weight: 2,480) and 35.7 g (0.10 mDle) of 
hexadecylthiomalic anhydride as starting materials. As a result of IR, GPC and FD-MS, the milk-white 
colloidal liquid was found to be a mixture of fluorine-containing compounds of the formulas T and T which 
did not contain the starting materials and any by-product. 



50 



IR; 



GPC: 



FD-MS; 



Example 34 



^nd an 
acid 



the 



There appeared an absorption peak due to a carboxylic acid at 1,705 cm~^ 
absorption peak due to an ester at 1,755 cm~\ An absorption peak due to 
anhydride at 1,775 cm"^ disappeared. 

There were not detected the starting materials, i.e., the alcohol having a fluoroalkyi ether 
group and hexadecylthiomalic anhydride. 
A parent peak appeared at a m/e ratio of 2,840. 



56 
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Production of 



3 ">CHCH2CO0H [U] 

CCIF^O CF^CFO )p( CF^O-^CF^CH^OCO 



and 



^^3 ^CHCOOH [U'] 



CCIF2O -t- CF2CFO CF20-^CF2CH20COCH2 
(average molecular weight: 1/610) 



30 



25 There was obtained 134 g (yield 83%) of a milk-white colloidal liquid by the same production process 
as in Example 31, except for using 128 g (0.10 mole) of an alcohol having a fluoroalkyi ether group 
represented by the formula 



CCIF2O -FCF2CF(CF3)0-^-^-FCF20^ CF2CH2OH 



wherein each of p and q Is an integer of 1 to 15 (average molecular weight: 1,280) and 32.9 g (0.10 mole) of 
tetradecylthiomallc anhydride as starting materials. As a result of IR, GPC and FD-MS, the milk-white 
35 colloidal liquid was found to be a mixture of fluorine-containing compounds of the formulas U and U' which 
did not contain the starting materials and any by-product. 

IR; There appeared an absorption peak due to a carboxylic acid at 1,705 cm""^ and an 

absorption peak due to an ester at 1 ,755 cm""^ . An absorption peak due to the acid halide at 
1,775 cm'"' disappeared. 

40 GPC; There were not detected to starting materials, I.e., the alcohol having a fluoroalkyi. ether 
group and tetradecylthiomallc anhydride. 
FD-MS; A parent peak appeared at a m/e ratio of 1,610. 
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Example 35 

The following fluorine-containing compounds were produced under the same conditions as in Example 

31. 



50 



56 
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^18"37^ 



CF30-<-C^F^0 )p ( CF^O CF2CH2OCO 



^CHCH2C06H 



and 

70 



CHCOOH 

CFgO-eC^F^O )p ( CF^O->g-CF^CH^OCOCH^ 

(average molecular weight: 1^130) 

20 

Example 36 

The following fluorine-containing compounds were produced under the same conditions as in Ejcample 

25 31. 

^18^37^ 

^^3 ^^3 ^CHCH2C00H 

30 F-t- CFCF^ O CFCH2OCO ( ) 3OCO 

and 



35 



40 



45 



^18^37^ 

^^3 *j^^2 CHCOOH 

F -f- CFCF^O ->p- CFCH2OCO (CH2 ) 3OCOCH2 

(average molecular weight: 1^760) 

Example 37 

The following fluorine-containing compounds were produced under the same conditions as in Ebcample 



60 31. 



55 
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CF, 



CF- 



I 



I 



F-e CFCF2O ->— CFCO -f-OCjH^-)^ OCO 



^CHgH 



COOH 



and 



10 



CF, 



CF, 



75 



F-f- CFCF2O CFCO -<-OC,H 



2..4,4-OCOCH2 



CHCOOH 



(average molecular weight: 1/780) 



20 



Example 38 



25 



30 



Production of 



CF. 



^12^25, 



1= > 

CFjO CFjCFO CF2O CF2CH2OC0C2H^S 

(average molecular weight: 1^050) 



CHCOOH [V] 



36 



40 



In a 1-llter flask equipped with an agitating blade were placed 79.0 g (0.10 mole) of an acrylate having a 
fluoroalkyi ether group represented by the formula 



CF3O -f- CF2CF ( CF3 ) O 



-t-CFjO 



— CF2CH2OCOCH-CH2 



46 



60 



55 



wherein each of p and q is an integer of 1 to 9 (average molecular weight: 790), 26.0 g (0.10 mole) of «- 
mercaptomyristic acid, 50 g of sodium acetate, 1 g of hydroquinone and 300 ml of 95% ethanol. They were 
subjected to addition reaction by continuing refluxing with heating for 6 hours. After completion of the 
reaction, the ethanol and the unreacted acrylate having a fluoroalkyi ether group were removed by vacuum 
distillation. Distilled water was added to the residue and the reaction product was extracted and purified with 
Isopropyl ether to obtain 86 g of a white solid having a melting point of 35' C. As a result of IR, GPC and 
FD-MS, the white solid was found to be a fluorine-containing compound of the formula V which did not 
contain the starting materials and any by-product. 



IR; 



GPC; 



There appeared an absorption peak due to a carboxylic acid at 1,705 cm~^ and an absorption 
peak due to an ester at 1.755 cm"^ There disappeared an absorption peak due to the thiol at 
2,600 cm~^ and an absorption peak due to a carbon-carbon double bond at 1,640 cm~\ 
There were not detected the starting materials, i.e.. the acrylate having a fluoroalkyi ether group 
and a-mercaptomyristic acid. FD-MS; A parent peak appeared at a m/e ratio of 1 ,050. 
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Example 39 



10 



Production 


of 






1 ^ 
F-^-CFCFjO 


CF, ^16^33^ 
1 ^ / 

-Jg- CFCH2OCOC2H4S 


>CHCCX3H 


[W) 


(molecular 


weight: 1,019) 







75 



20 



In a 1 -liter flask equipped with an agitating blade were placed 70.2 g (0.10 mole) of an acrylate hsjving a 
fluoroalkyi ether group represented by the formula 

F-t"CF< CF3 ) CF^O -iy CFCCFg ) CH20COCH=CH2 



25 



(molecular weight: 702), 31.7 g (0.10 mole) of a-mercaptostearic acid, 50 g of sodium acetate, 
hydroqulnone and 300 ml of 95% ethainol. They were subjected to addition reaction by continuing 
with heating for 4 hours. After completion of the reaction, the same purifying treatment as in Exam^ 
was carried out to obtain 81 g of a white solid having a melting point of 79 " C. As a result of IR, 
FD-MS, the white solid was found to be a fluorine-containing compound of the formula W which 
contain the starting materials and any by-product. 



g of 
refluxing 
e 38 
and 
not 



GFC 
did 



30 



35 



IR; 



GPC; 



FD-MS; 



Example 40 



and 
peak 



an 

due 
at 



There appeared an absorption peak due to a carboxylic acid at 1,705 cm" 
absorption peak due to an ester at 1,755 cm~^ There disappeared an absorption 
to the thiol at 2,600 cm""^ and an absorption peak due to a carbon-carbon double bbnd 
1,640 cm-\ 

There were not detected the starting materials, i.e., the acrylate having a fluoroalky ether 
group and a-mercaptostearic acid. 
A parent peak appeared at a m/e ratio of 1,019. 



40 



46 



50 



Production of 



CF. 



CF. 



^16"33 



I 



F -e- CFCF^O CFCO OC^H^-)-^- OCOC^H^ S 
(average molecular weight; 1,700) 



> 



CHCOOH 



[X] 



66 



There was obtained 125 g of a wax-like semisolid by the same production process as in Example 38, 
except for using 138 g (0.10 mole) of an acrylate having a fluoroalkyi ether group represented by the 
formula 
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F -t- CF < CF3 ) CF^O CF ( CF3 ) CO-<- OC 2^4^ OCOCH^CH^ 

wherein p is an integer of 1 to 15 (average molecular weight: 1,380) and 31.7 g (0.10 mole) of a- 
mercaptostearic acid as starting materials. As a result of IR, GPC and FD-MS, the wax-like semisolid was 
found to be a fluorine-containing compound of the formula X which did not contain the starting materials and 
any by-product. 



IR; 



GPC; 



FD-MS; 



Example 41 



There appeared an absorption peak due to a carboxylic acid at 1,705 cm~^ an absorption 
peak due to an ester at 1,755 cm~^ There disappeared an absorption peak due to the thiol 
at 2,600 cm"^ and an absorption peak due to a carbon-carbon double bond at 1,640 cm""\ 
There were not detected the starting materials, i.e.. the acrylate having a fluoroalkyi ether 
group and a-mercaptostearic acid. 
A parent peak appeared at a m/e ratio of 1 ,700. 



20 



25 



Production o£ 



CF. 



^16^33 



>CHCOOH [Y] 



CCIF2O CF2CFO ->ptCF20->^CF2CH20COC2H4S 



(average molecular weight: 1,650) 



30 



There was obtained 142 g of a wax-like semisolid by the same production process as In Example 38. 
except for using 133 g (0.10 mole) of an acrylate having a fluoroalkyi ether group represented by the 
35 formula 



40 



46 



so 



CC IF2O -t- CF2CF ( CF3 ) 0 ]p [ CF2O CF2CH20COCH=:.CH2 

wherein each of p and q is an integer of 1 to 15 (average molecular weight: 1 ,330) and 31 .7 g (0.10 mole) of 
a -mercaptostearic acid as starting materials. As a result of IR, GPC and FD-MS, the wax-like semisolid was 
found to be a fluorine-containing compound of the formula Y which did not contain the starting materials and 
any by-product. 

IR; There appeared an absorption peak due to a carboxylic acid at 1,705 cm"^ and an 

absorption peak due to an ester at 1,755 cm"*'^ There disappeared an absorption peak due 
to the thiol at 2,600 cm~^ and an absorption peak due to a carbon-carbon double bond at 

1.640 cm-^ 

GPC; There were not detected the starting materials, i.e., the acrylate haying a fluoroalkyi ether 

group and a-mercaptostearic acid. 
FD-MS; A parent peak appeared at a m/e ratio of 1 ,650. 



Example 42 

55 The following fluorine-containing compound was produced under the same conditions as in Example 38. 
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^16^33, 



y^3 y^3 ^^^CHCOOH 

F -f- CFCF^O -f — CFCK^OCO ( CH^ ) ^ OCOC ^ H . S 
2'p 4& ^2'3 24 

(average molecular weight: 1,760) 



10 



Example 43 

75 The following fluorine-containing compound was produced under the same conditions as in Examble 38. 



2^ ^^3 ^^3 ^"3 ^CHCOOH 

F -^-CFCF^O CFC0NC2K^0C0C2H^ S 



(average molecular weight: 1,750) 

25 

Example 44 

30 The following fluorine-containing compound was produced under the same conditions as in Exanriiple 38. 

^16^33 

CH^ >CHCOOH 

35 , 3 / 

F-(~ C3FgO->^C2F^CH20COCHCH2S 
4^ (average molecular weight: 2,870) 



Example 45 

45 

The following fluorine-containing compound was produced under the same conditions as in Exanrjple 38. 

^16^33 

CH^ >CHCOOH 
1 ^ / 

CF3O C2F4O )p ( CF^O CF^CH^OCOCHCH^S 



55 



(average molecular weight: 1,150) 



43 



BNSDOCID: <EP ^0473871 A2_l_> 



EP 0 473 871 A2 



Example 46 

The following fluorine-containing connpound was produced under the sanne conditions as in Example 38. 

^16^33 

,CF^ CF, CH^ > CHCOOH 

I 3 I 3 I 3 / 

F--eCFCF20-)^CFCH20COCHCH2S 

(molecular weight: 1^199) 

75 

Example 47 

The following fluorine-containing compound was produced under the same conditions as in Example 38. 

16^33 

C 

I 



CF3 CF3 CH3 ^^CHCOOH 



25 



F-4- CFCF2O CFCH2OCO < CHg ) 4OCOCHCH2S 

(average molecular weight: 1,790) 

30 

Example 48 

The following fluorine-containing compound was produced under the same conditions as in Example 38. 

'-16"33 

,3 I 3 I ^ 



40 



F-f-CFCF20 -^CFCO -f- OCgHg^ OCOCHCH2S 

(average molecular weight: 1,770) 

46 . 

Example 49 

The following fluorine-containing compound was produced under the same conditions as in Example 38. 

'-16"33 

CF^ CH, ^CHCOOH 

1 ^ I ^ ^ 

gg CClF20-t-CF2CFO-)je-CF20->^CF2CH20COCHCH2S 

(average molecular weight: 1,670) 

44 
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Examples 50 to 110 

There was used a non-magnetic substrate composed of a polyester film and steep hill-shaped 
protuberances formed on the surface of the film in a number of 1x10^ per mm^: in the polyester film, 

6 granular protuberances with a gentle slope (average height 70 A, diameter 1 urn) formed by silica particles 
contained in the polyester film were present in a number of several protuberances per 100 um^ of the film 
surface, and relatively large protruberances formed by fine particles attributable to the residue of a 
polymerization catalyst had been reduced as such as possible; and the hill-shaped protuberances had been 
formed by using silica collfHdal particles having a diameter of 150 A as cores and a ultrayiolet-curable 

10 epoxy resin as a binder. A thin Co-Ni ferromagnetic metal film (Ni content 20%, film thickness 1000 A) was 
formed on the substrate in the presence of a slight amount of oxygen by a continuous vacuum cjbiique 
deposition method. The oxygen content of the thin film was 5% in terms of atomic fraction. 

Each of the above-mentioned fluorine-containing compounds of the present Invention or a mixture of the 
compound and a conventional lubricant was applied on the thin metal film in an amount of 10 mg pe( m^ of 

15 the surface of the thin metal film to form a lubricant layer. Then, the substrate thus treated was cut into a 
predetermined width to form a magnetic tape. Each of the magnetic tapes thus obtained was s<»t in a 
commercially available video deck and its output characteristics during repeated running were measured in 
circumstances of 23 °C and 5% RH, In detail, there was counted the number of runnings which could be 
conducted until the RF output became lower than its initial value by 3 dB or the output began to vary Table 

20 1 shows the results obtained. The fluorine-containing compounds of the present invention used are denoted 
In Table 1 by the above example numbers. Table 1 also shows the measurement results obtained in the 
case of forming a lubricant layer by the use of a mixture of the fluorine-containing compound of the present 
invention and a conventional lubricant. 

From Table 1 , it can be seen that all of the magnetic tape samples having a lubricant layer combrising 

25 the fluorine-containing compound of the present invention are excellent in durability in repeated runni ng at a 
low humidity. On the other hand, as shown for Comparative Examples 1 to 5, the magnetic tape samples 
having a lubricant layer comprising a conventional lubricant alone are poor In durability at a low humidity. 
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Table 1 (cont'd) 


U-J rH 
r-l U 


1 


rH 

00 

O 
O 

8 

in 
ro 

rH 
O 


1 


1 




a: c^i 

CN X 
O 

in r-l 

rH a 




35 




Compound 
obtained in 
Example 16 


Compound 
obtained in 
Example 17 


1 ditto 


Compound 
obtained in 
Example 18 


Compound 
obtained in 
Example 19 


Compound 
obtained in 
Example 20 


ditto 








o 


rH 


CN 


CO 




in 


VO 




45 




Example 


Example 


Example 


Example 


Example 


Example 


Example 





55 



BNSDOCID; <EP 0473871 A2_l_> 



EP 0 473 871 A2 



10 



15 



20 



25 



30 



y 

o 
o 



0) 

r-i 

Si 
H 



36 



40 



45 



50 



10 

o 

•u o 

6 

o 

o u 

cs O 



0) 



(N 

rO 

CJ 0) 

0 -H a* 

01 fo e 

o X) X 

a o w 



rH 
CU 

6 
m 



to 

e 

•H 
4J 

O 
O 



M 

O 

a 

u 
o 



(±4 
CO 

O 

CN 

o 

§ 

m 

CO 



o 
-p 



OO 

Q) 
rH 
CU 

H 

M 



10 
Si 

^ O 

E 

o 

o u 

CNJ O 



a 

no fO 

C 0) (U 

O -iH OU 

& CO g 

S 4J CO 

o x> « 

u o w 



rH 

B 
to 
H 



(0 

o 

g (1) 

•H U 

4J O 

6 

o 

o u 

CN O 



a 0) 
O -H 

Q4 CO 
O X3 

u o 



ro 

CM 

(D 
rH 

a 

CO 



10 

a 0) 

o 

o u 

t>* o 



o 

00 

0) 
iH 

!• 

(0 
K 
M 



to 'O 
C 0) 

O -H 
O i3 

u o 



0) 

t 

CO 

K 



CO 

0) 
rH 

Q4 

B 

CO 



CO 



o 
o 

CN 



•H m 

C 0) CD 

O -H D4 
9^ ro e 

g 4-> to 

o ^ w 
u o w 



CO 
0) 

g <D 
o 

o u 

CN O 



d 

•H 

a 
o 
u 

0) 

o 

4J 



CN 
00 

0) 
iH 

a 

CO 



C 0) 

O -H 

g 4J 
O 

u o 



rH 



CO 
OO 

0) 
rH 

£ 

CO 

M 



65 



50 



3 BNSDOCID: <EP_ 



„0473871A2_I_> 



EP 0 473 871 A2 



10 



15 



20 



25 



30 



o 
o 



0) 
H 



36 



10 

1 



O 

o 

CM 



40 



•H 

C 0) (D 
SI C rH 

0« CO S 

6 -M CO 



00 



45 



rH 

B 

m 



10 

o 

B 

-H 

4J 

O 
O 
CN 



C Q) 

:3 c 

O -iH 

O X) 

u o 



CM 
Q) 



CO 

1 



O 
O 
CM 



in 

00 
CD 

r-l 

t 

CO 



C 0) 

o 

p4 ro 

O X) 
U O 



CM 

0) 

E 
<o 
XI 



GO 

g 

(0 
M 



CO 

i 



0) 

4-> O 
B 

o 

O M 
CM O 



0) 



c 

-r-l O 
fO 

cu CO e 

H -P <o 
O H 
U O M 



oo 



0) 

rH 

E 

(0 



CO 
0) 

4J O 

e 

o 

O U 
CM O 



O 

04 CO 

o 

a o 



CO 

Q) 
i-l 
Oi 

B 

fO 

K 



00 
GO 

Q) 
rH 
04 

e 

CO 

H 



CO 
Q) 

B a> 



o 

O M 
CM O 



/\ 

^ cn 

CM W 

a ^ 

in 1-4 

rH O 

Cm 



o 

•H 



00 

0) 

rH 

o< 

B 
to 



CO 
0) 

6 Q) 

O 

O M 
CM O 



13 
0) 
=3 
C 
•H 
-P 

O 

o 
o 

4-> 



O -rH 
04 CO 

o x> 
u o 



CM 
CO 

0) 

rH 
O4 

B 
ro 



0) 
fH 
O^ 

E 

ro 
X 

w 



60 



55 



51 



BNSDCXJID; <EP_ 



0473871 A2_.L> 



EP 0 473 871 A2 



(0 



o 
o 



0) 
M 
O 

£ 
o 



70 



75 



20 



25 



30 



4J 

o 
u 



0) 

CO 

H 



00 

a 

§ 

in 

CO 



35 



40 



•H 

CO) 

O -H 
CO 

O ,Q 

a o 



CO 

CD 

CU 
6 

H 



46 



0 
rH 
Of 

6 
ro 
X 



0) 

g 0) 

-P o 
G 

o 

O M 
CM O 



•H CO 
CO 

(3 Q) 0) 
O O4 

B -P CO 
O JQ H 
U O M 



CM 



0) 

e 

CO 



to 
Q) 



o 
o 
CS 



0> 

o 
B 

u 
O 



o -i-l 
O X) 

u o 



ro 
0) 

a 

E 
ro 
H 
W 



ro 

§• 

(O 



Q) 

E 0) 

•H M 

o 

o u 

CM O 



O 

e 

o 

O M 
CM O 



•a x> 

O -H 

04 (O 

O A 

u o 



in 
ro 

o 
€ 

CO 

M 

H 



0) 

!• 

CO 

X 



♦HAD 

ro 

C 0) O 

0 -H Qi 

01 CO e 

£ -P CO 
O A H 
U O M 



in 



0) 

(0 



w 



I 



c 

•H r< 
ro 

o 0) 

0 -H 04 

01 CO E 
E 4J CO 

O O W 



0) 
I— I 

E 

CO 

K 



CO 

0) 

E <D 

-P o 

E 

o 

o u 

CM O 



a 

•H 00 

CO 

•a 'O 

C 0) 0) 

;3 C rH 

0 P4 

01 CO E 
E 4J CO 
O X) K 
U O W 



cn 



CU 
E 

fO 

X 
M 



no 

•H 

-U 

c 
o 
o 

0) 

o 

4^ 



50 



55 



52 



I 3NSDCX;iD: <EP. 



0473871 A2J_> 



EP 0 473 871 A2 



70 



76 



20 



25 



30 



O 
U 



36 



40 



CD 

6 O 

•H M 

4J O 

E 

o 

o n 

oj O 



in rH 



O 

D4 (0 
O X3 

u o 



GO 
CO 

Q) 
I— I 

e 

CO 

X 



45 



00 

<u 

a 

CO 



0) 

e qj 

-r-t W 

4J O 

E 

o 

o u 

CS O 



CO 

•a na 
a (u 0) 

O -H Oi 

O J3 « 
U O W 



0) 

rH 

e 

m 



g 0) 

•H M 

4-> O 

e 

o 

0 M 

01 O 



(X4 

CO 

U 

u 
o 

8 

in 
ro 



o 

•H 

03 



o 
o 



0) 



CO 
<D 

£ 0) 



o 

O M 
CM O 



C 0) 
O 'H 

o o 



o 

r-l 

X 



0) 

iH 

ro 



CO 

o 

O l-l 

CM O 



•H rH 

C Q) 0) 

p a «H 
u o w 



o 



o 

rH 

6 
CO 



w 
Q) 

O 

O M 
CM O 



G 0) 

O -H 
O4 (O 

o ^ 
a o 



ro 
o 



CM 
0) 



i-H 
CO 



m 

0) 

S 0) 

•iH M 

4-> O 

E 

o 

O tH 

CM O 



'3 
1) 

G 
•H 

a 
o 

o 

D 



ro no 

C 0) 

O -H 

Ci4 CO 

e 4J 

o -Q 

a o 



ro 

CD 
rH 

E 
(O 

Cx5 



O 



0) 
I-H 

E 
to 
X 



50 



55 



53 



BNSDOCID: <EP 0473a71A2„L> 



EP 0 473 871 A2 



10 



15 



20 



25 



30 



4J 

ti 
o 

V 



Xi 
(0 



35 



40 



in 
o 

o u 
<s o 



CD 



S3 C r-l 

o 

Pi CO e 

O *Q K 

CJ O W 



45 



in 
o 

Q> 

H 
X 



V3 



O 

o 

CM 



13 Ki 
C 0) 
S3 C 
O •H 

O 

U O 



0) 

rH 

(0 
K 



O 



0) 

r-i 

E 



(0 

0) 

•H M 

e 

o 

O M 
CM O 



•H VO 

C Q) 0) 

O .rt & 
O4 (O 6 

6 4J (0 

OX) K 



o 



0) 

rH 

e 



CO 
0) 

e 0) 

4j O 

o 

O M 
CN O 



•H 

c Q) 0 

0 -H 

01 CO e 

g 4J CO 

O X) M 

o o u 



CO 

o 



e 



CO 
<D 

S 0) 
o 

O M 

<s o 



O -H 
O4 CO 

O JQ 
U O 



CO 

Q) 

r-l 

(0 
H 



o 



r-l 

a 

CO 



CO 
0) 



o 

O M 
rs| O 



C 01 
SJ C »H 
O 'H Dj 

a* CO e 

6 4J (0 
O X) K 

o o w 



0) 
E 

fO 
H 



I/) 
0) 
E 



O 
CN 



Q) 
-H 

c 
o 
o 

Q) 
XJ 

o 

4J 



CM ffi 
O ^ 

in iH 

rH U 



0) 

> 

*H fH 

(0 0) 
M rH 
CO O4 
& S 

E m 
ox 
o pa 



50 



65 



54 



BNSDOCID: <EP. 



.0473e71A2_L> 



EP 0 473 871 A2 



10 



IS 



20 



25 



30 



4J 

a 
o 
u 



36 



40 



45 



in 

i 



CO 



-p 
in 



Em 

CO 

O 

CM 

a 
o 

8 



(D 
> 

-P 

a. 6 
e m 
o « 

u w 



8 

a M 

CO 

Cm «-! 
O 



1° 



O 

CN 
fa 

CO O 

fa fa 

O — O 



fa 



V ^ 

0) o 

P-* o 

o o 

e ^ 

0) 

CO 4-> 

Q) cn 

ra Q) 



Q) 
> 

•H ro 

CO 0) 

(0 04 

ex H 

e <o 

o w 



C/3 

e 



o 
in 





§ 






CO 


a: 




u 


O — 




o 


CO 




fa 




u — a 




o 








fa 


CO 




fa 


fa 






o 








fa 




CO 




a 



in 



a 
o 

in o 

CNJ o 

« cs 
cs ac 

U 2! 

O 

CO U 
fa fa 

o — u 
o 

CN 

fa 

CO O 
fa fa 

fa 

ro 
U 



0) 




> 


> 










10 <D 


ro 0) 




M r-l 


CO Oi 


to Q4 


o* e 


cx e 


e « 




O X 


O M 


a fa 





50 



55 



Examples 111 to 171 

A plated non-magnetic Nl-P alloy film of 25 um In thickness was formed on the surface of an Al alloy 
plate having a diameter of 95 mm and a thickness of 1.2 mm, and protuberances were fornried in the 
surface of the film by texturing so as to adjust the average roughness of the surface to 50 A and the 
maximum height of the protuberances to 300 A, whereby a non-magnetic substrate was obtaine(i. A Cr 
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primer layer of 1.300 A in thickness and a thin Co-Ni ferronnagnetic nnetal film of 600 A In thickness were 
formed on the substrate by sputtering. A graphite protective layer of 200 k in thickness was further formed 
on the thin metal film by sputtering. Thus, sample A was obtained. Sample B was obtained in the same 
manner as above except for forming a diamond-like carbon protective layer of 50 A in thickness by plasma 

5 CVD In place of the graphite protective layer. Each of the above-mentioned fluorine-containing compounds 
of the present invention or a mixture of the compound and a conventional lubricant was applied on the 
. protective layer of each of these samples in an amount of 10 mg per of the surface of the protective 
layer to form a lubricant layer/The magnetic discs thus obtained were subjected to a CSS endurance test in 
circumstances of 23° C and 5% RH, and the durability was judged by the number of times of CSS at the 

10 time when the coefficient of friction exceeded 1 .0 or when head crush occurred. Table 2 shows the results 
obtained. The fluorine-containing compounds of the present invention used are denoted in Table 2 by the 
above example numbers. Table 2 also shows the test results obtained in the case of forming a lubricant 
layer by the use of a mixture of the fluorine-containing compound of the present invention and a 
conventional lubricant. 

75 From Table 2, it can be seen that alt of the magnetic disc samples having a lubricant layer comprising 
the fluorine-containing compound of the present invention are excellent in CSS durability at a low humidity. 
On the other hand, as shown for Comparative Examples 6 to 10, magnetic disc samples having a lubricant 
layer comprising a conventional lubricant alone are poor In durability at a low humidity. 
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1. A fluorine-containing compound represented by the general formula [I]: 
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COOH 



[I] 



wherein Rf is a fluoroalkyi ether end group having 5 to 50 carbon atoms, Ri Is an aliphatic alk/l end 
group or an aliphatic alkenyl end group, R2 is an aliphatic alkylene group or an aliphatic polyaUylene 
oxide group which have no or one or more carbon atoms, each of R3 and is an aliphatic aUylene 
group having no or one or more carbon atoms, X is a connecting group selected from the group 

consisting of 

-COOR5- and -C0N(R6)- 

(wherein R5 is an aliphatic alkylene group having no or one or more carbon atoms, Re Is a hydrogen 
atom or an aliphatic alkyi group having 1 to 12 carbon atoms), each of W and Y is a connecting group 
selected from the group consisting of 

-S- , -COO- and -SCH2CH(R7)COO- 

(wherein R7 is a hydrogen atom or a methyl group), Z Is a connecting group selected from thej group 
consisting of 



I I 



and 




o 



and each of l . m and n is zero or 1 . 
2. A process for producing a fluorine-containing compound represented by the general formula [II]: 



Rf-(-X-^R'2-OCO(CH2)„ 



^>CH(CH2) jL^j^COOH [II] 



(wherein Rf is a fluoroalkyi ether end group having 5 to 50 carbon atoms, Ri Is an aliphatic 
group or an aliphatic alkenyl end group, R'2 Is an aliphatic alkylene group or an aliphatic polyeji 
oxide group, X Is a connecting group selected from the group consisting of 



-COOR5- and -CON(Rg)- 



(whereln R5 is an aliphatic alkylene group having no or one or more carbon atoms, and 
hydrogen atom or an aliphatic alkyI group having 1 to 12 carbon atoms), and each of m and n Is 
1) which comprises subjecting an aliphatlc-alkylsuccinic anhydride or an allphatic-alkenyl^i 
anhydride and an alcohol having a fluoroalkyi ether group having 5 to 50 carbon atoms to 
reaction in an autoclave. 

55 a A process for producing a fluorine-containing compound represented by the general formula [III] 



al <yl 



end 
Ikylene 



W is a 
zero or 
uccinic 
i addition 
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P>CH-R^-COOH [III] 

Rf — X • R " 2 -COO 

(wherein Rf is a fluoroalkyi ether end group having 5 to 50 carbon atoms, Ri is an aliphatic alky I end 
group or an aliphatic alkenyl end group, each of R"2 and R^ is an aliphatic alkylene group having no or 
one or nrtore carbon atoms, X' is a connecting group selected from the group consisting of 

-C00R*5 - and -CON(R6 )- 

(wherein R's is an aliphatic alkylene group, and Rs is a hydrogen atom or an aliphatic alkyi group 
having 1 to 12 carbon atoms), and m is zero or 1) which comprises reacting an aliphatic-alkyi oxy-acid 
or an aliphatic-alkenyl oxy-acid with a carboxylic acid halide having a fluoroalkyi ether group having 5 
to 50 carbon atoms in the presence of a base at a low temperature. 

A process for producing a fluorine-containing compound represented by the general formula [VII]: 



'1 



R^-R 2 



^N-R^-COOH [VII] 



(wherein R| is a fluoroalkyi ether end group having 5 to 50 carbon atoms, Ri Is an aliphatic alkyI end 
group or an aliphatic alkenyl end group, R'"2 Is an aliphatic alkylene group, and R4 is an aliphatic 
alkylene group having no or one or more carbon atoms) which comprises reacting a secondary 
alkylamlne having a fluoroalkyi ether group represented by the general formula [IV]: 




[IV] 



(wherein Rt is a fluoroalkyi ether end group having 5 to 50 carbon atoms. Rt is an aliphatic alkyI end 
group or an aliphatic alkenyl end group, and R"'2 is an aliphatic alkylene group) with <o-haloalkylcarbox- 
ylic acid ester represented by the general formula [V]: 

QCH2-R+-COOR [V] 

(wherein R is an aliphatic alkyI end group or an aliphatic alkenyl end group, R4 is an aliphatic alkylene 
group having no or one or more carbon atoms, and Q is a halogen atom) in the presence of a weak 
alkali to synthesize a fluorine-containing compound represented by the general formula [VI]: 




[VI] 
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is an 
ester 



(wherein Rf is a fluoroalkyl ether end group having 5 to 50 carbon atonns. each of R and Ri 
aliphatic alkyi end group or an aliphatic alkenyl end group. R"'? is an aliphatic alkylene group 
Is an aliphatic alkylene group having no or one or more carbon atonns), and then subjecting 
linkage group to hydrolysis with a strong alkali to make the end group on one side Into a c4rboxyl 
group. 

5. A process for producing a fluorine-containing compound represented by the general formula [VIII 



^ ^Z'-COOH 



[VIII] 



(wherein Rf is a fluoroalkyl ether end group having 5 to 50 carbon atoms, Ri is an aliphatic all:yl end 
group or an aliphatic alkenyl end group. R'2 is an aliphatic alkylene group or an aliphatic polyafkylene 
oxide group, X is a connecting group selected from the group consisting of 



-COOR5- and -CON(Rb)- 



(wherein R5 is an aliphatic alkylene group having no or one or more carbon atoms, and 
hydrogen atom or an aliphatic alkyl group having 1 to 12 carbon atoms), Z' Is connecting 
represented by the formula 



F^6 




o 



and m Is zero or 1) which comprises reacting an aliphatic alkyl alcohol or an aliphatic alkenyl alcohol 
and an alcohol having a fluoroalkyl ether group having 5 to 50 carbon atoms stepwise and separately 
with trimellitic anhydride chloride. 

6. A process for producing a fluorine-containing compound represented by the general formula [IX; 

R' -S^ 

"^CH(CH2)i^j^COOH [IX] 

R^-^X^R'^^OCOCCH^^ 

(wherein R, is a fluoroalkyl ether end group having 5 to 50 carbon atoms. RS is an aliphatic alkyl end 
group, R'2 is an aliphatic alkylene group or an aliphatic polyalkylene oxide group, X is a cor|inecting 
group selected from the group consisting of 



-COOR5- and -C0N(R6)- 



(wherein R5 is an aliphatic alkylene group having no or one or more carbon atoms, and 
hydrogen atom or an aliphatic alkyl group having 1 to 12 carbon atoms), and each of m and n i 
1) which comprises subjecting thiomalic anhydride having an aliphatic alkyl group and an 
having a fluoroalkyl ether group having 5 to 50 carbon atoms to addition reaction in an autoclav^ 



is a 
group 



Rg is a 
zero or 
alcohol 
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A process for producing a fluorine-containing compound represented by the general formula [X]: 



R' 



R (- X -h- -R • , -OCOCHCH, -S 
£ m 2 I 2 



> 



CHCCX)H 



CX] 



75 



(wherein Rt is a fluoroalkyi ether end group having 5 to 50 carbon atoms, R'l Is an aliphatic alky! end 

group, R*2 is an aliphatic alkylene group or an aliphatic polyalkylene oxide group, R? is a hydrogen 
atom or a methyl group, X is a connecting group selected from the group consisting of 

-COORb- and -C0N(R6)- 



20 



(wherein R5 is an aliphatic alkylene group having no or one or more carbon atoms, and Rg is a 
hydrogen atom or an aliphatic alkyi group having 1 to 12 carbon atoms), and m Is zero or 1) which 
comprises subjecting an a-mercapto-allphatlc-alkylcarboxyllc acid and an acrylate or methacrylate 
having a fluoroalkyi ether group having 5 to 60 carbon atoms to addition reaction. 



8. A lubricant composition comprising a fluorine-containing compound according to claim 1. 

25 9. A magnetic recording medium comprising a non-magnetic substrate and a thin ferromagnetic metal film 

formed thereon, wherein a lubricant layer comprising at least one fluorine-containing compound 
according to claim 1 is formed on the thin ferromagnetic metal film directly or with a protective film 
between. 
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(») Fluorine-containing compounds. 

® A fluorine-containing compound represented by the general formula [I]: 



^Z-R^-COOH 



[I] 



wherein Rf is a fluoroalkyi ether end group having 5 to 50 carbon atonas. Ri is an aliphatic alkyi end group 
aliphatic alkenyl end group, R2 is an aliphatic alkylene group or an aliphatic polyalkylene oxide group whici 
no or one or more carbon atoms, each of R3 and R^ is an aliphatic alkylene group having no or. one o 
carbon atonns, X is a connecting group selected from the group consisting of 

-COORb- and -C0N(R6)- 



or an 
have 
more 



(wherein R5 is an aliphatic alkylene group having no or one or more carbon atoms, and Rs is a hydrog 
or an aliphatic alkyi group having 1 to 12 carbon atoms), each of W and Y is connecting group selected 
group consisting of 
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-S- . -COO- and -SCH2CH(R7)GOO- 

(wherein R? Is a hydrogen atom or a nnethyl group), Z is a connecting group selected from the group consisting 
of 



and each of £, m and n Is zero or 1. There are disclosed a fluorine-containing compound of a specific structure 
which has in the molecule a fluoroalkyi ether end group, an aliphatic hydrocarbon end group and a carboxyl end 
group, and has a molecular weight of hundreds to about 3,000; and a process for producing the fluorinecon- 
tainlng compound. This fluorine-containing compound can be utilized In magnetic recording media In the form of 
a lubricant composition. 
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